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FARGO-MOORHEAD URBAN STUDY
FLOOD CONTROL APPENDIX

PREFACE

The Corps of Engineers urban study program is designed to provide
planning assistance to local interests in a variety of water and related
land resource areas, including water supply, waste-water management,
flood control, navigation, shoreline erosion, and recreation. In areas
of traditional Corps responsibility (such as flood control), the Corps
may implement and construct projects shown to be feasible in the urban
study. In other areas (such as waste-water management), Corps
involvement carries only through the planning stage when findings are
turned over to local interests for incorporation into their broad
comprehensive urban planning effort. Implementation is at the
discretion of local interests in conjunction with appropriate State and

Federal agencies.

The St. Paul District, Corps of Engineers, sponsored the Fargo-Moorhead
Urban Study as a cooperative effort between local, State, and Federal
agencies. Part of this effort was a comprehensive investigation of the
study area's flooding problems. This appendix discusses the flooding
problems in the study area, the alternative measures considered, and the

recommendations made.

This appendix is one of seven documents produced during the Fargo-

Moorhead Urban Study. The other six documents include:

o

Summary Report

(o]

Background Information Appendix
o Water Supply Appendix

o Water Conservation Appendix

o]

Energy Conservation Appendix

Q

Fargo-Moorhead Water Resources Data Management System Appendix
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The summary report is being distributed to all individuals, agencies,
organizations, and special interest groups on the urban study's mailing
list and to anyone else who requests a copy. The summary report

provides an overview of the urban study, including:

o The study area
o How the study was conducted
o The study area's problems, needs, and concerns

o The final alternative solutions to these problems, needs, and

concerns

o The findings and recommendations

Additional detailed information can be obtained from the appropriate

technical appendix(es).
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FARGO-MOORHEAD URBAN STUDY
FLOOD CONTROL APPENDIX

INTRODUCTION

The Fargo-Moorhead Urban Study was a cooperative Federal, State, and
loczl planning effort aimed at developing viable solutions to water and
related land resource problems, needs, and concerns in the study area
for the period from 1980 to 2030. As part of the study, a comprehensive
investigation of the study area's flooding problems was conducted. This
appendix is a detailed discussion of the flooding problems in the study
area, alternative measures considered, and the conclusions and

recommendations made.
STUDY AUTHORIZATION AND PURPOSE

The Fargo-Moorhead Urban Study was an interim study, a part of the
overall Red River of the North basin study. The study was authorized by
a resolution of the Committee on Public Works, United States Senate,
93rd Congress, 2nd Session, adopted on September 30, 1974, at the
request of Senator Quentin N. Burdick of North Dakota. The resolution
requests that the Board of Engineers for Rivers and Harbors review prior
reports on the Red River of the North drainage in Minnesota, South
Dakota, and North Dakota to determine if any recommendations of those
reports should be modified, with particular reference to flood control,

water supply, waste-water management, and allied purposes.
DESCRIPTION OF THE STUDY AREA
STUDY AREA BOUNDARY
The study area for the Fargo-Moorhead Urban Study (see figure 1)

encompasses 13 townships in Cass County, North Dakota, and Clay County,

Minnesota. Major population centers in this area are Fargo, North
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Fargo City Water Plant at river mile 453.0. The present reference datum
elevation is 861.8 feet above mean sea level, 1929 adjustment. Flood

stage is defined as 17 feet or elevation 878.8 msl, 1929 adjustment.

Damaging floods from snowmelt, high intensity rains, or a combination of
both occur in the subbasin almost on an annual basis. Snowmelt floods
result from snow accumulation over the winter months followed by rapid =
thaws in March, April, and sometimes early May. Because summer storms
are generally localized, they usually do not affect the main stem area

nearly as much as other subbasins; however, the July 1975 storm was an

exception.

The following table identifies the floods of record at Fargo and -
Moorhead. T ?

Table 2 - Floods of Record for Red River of the North at Fargo

for Gage and Datum Then in Use.

Elevation Estimated Peak
Year Month Stage (feet) (feet msl) Discharge (cfs)
1882 April - - 20,000
1897 April - - 25,000
1943 April 34.3 896.1 16,000
1947 April 28.9 890.7 9,300 e
1952 April 34.6 896.4 16,300
1962 June 28.4 890.2 9,600
1965 April 30.5 892.3 11,400
1966 March 30.1 891.9 10,700 =
1969 April 37.3 899.1 25,300 K
1975 July 33.3 895.1 13,200 -
1978 April 34.4 896.2 17,500 =
1979 April 34.9 896.7 17,300

16
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River, and the Sheyenne River. Th.s reach includes the urban study

communities of Brooktree Park, Rivertree Park, Harwood, and Reile's

Acres.
Table 1 - Observed Events Above a Stage of 16.5 Feet
Sheyenne River at West Fargo (1930-1979)
Maximum Stage Discharge
Peak Maximum Mean Daily
Date Feet Date (cfs) Discharge (cfs)

5 Jul 1975  22.25¢3) 3 Jul 1975 (R) 2,850 2,850

21 Apr 1979 22.12(3) 21 Apr 1979 (R) 3,480 3,480

16 Apr 1969 21.70¢3) 22 Apr 1969 (R) 3,060 3,030

22 Mar 1966 21.05¢2) 4 Apr 1966 (R) 3,110 3,100

29 Mar 1978  21.04¢3) 29 Mar 1978 (R) 1,660 1,650

19 Apr 1965 20.78(2) 24 Apr 1965 (R) 2,530 2,530

11 May 1950 20.61¢(2) 22 May 1950 (R) 2,810 2,800

18 Apr 1947  20.53 18 Apr 1947 2,800 2,800

9 Apr 1952  20.50¢2) 12 Apr 1952 (R) 2,510 2,500

1 Apr 1943  19.35(1) 7 Apr 1943 2,400 2,400 .
12 Jul 1962 19.02¢2) 13 Jul 1962 (R) 2,420 2,410

20 Jun 1953 18.83(2) 17 Jun 1953 (R) 1,300 1,270

7 May 1948  18.46 7 May 1948 2,650 2,620

20 Mar 1972 18.28¢1) 20 Mar 1972 (R) 1,560 1,490

(1) Backwater from ice. (2) Backwater from Maple River.

(3) Backwater from Maple and/or Red Rivers.
(R) = Regulated flows from Baldhill Dam from 1950 to the present.

Red River of the North

Records of river stage and discharge on the Red River of the North have
been maintained since the year 1901. Early observations were taken on a
nonrecording gage that was relocated or that had the datum adjusted
several times in the period since 1901. Since April 13, 1959, a water-
stage recorder has been used for continuous records. On October 1,

1960, the water-stage recorder was relocated to its present site at the

15
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Sheyenne River

The surface water resources in the basin have been observed and used by
man since early settlement. Estimates and records of water flow first
began around the late 1800's when newspaper accounts of flood levels

were made. The U.S. Geological Survey started systematic and continuous —

—~

observation of flow at West Fargo in 1929, Valley City in 1938,

r

Cooperstown in 1945, Kindred in 1949, and Lisbon in 1956. Miscellaneous

’
« 4

other observations were made before that time. The urban study

L3

P

f:

addresses the flooding problem along the Sheyenne River downstream of
West Fargo at the communities of Reile's Acres, Harwood, Rivertree Park,
and Brooktree Park. The closest gage is the one located at West Fargo,

which is upstream of the confluence of the Sheyenne and Maple Rivers.

Early accounts of floods indicate that major floods occurred in 1882, »
1883, and 1897. Newspaper accounts of the 1882 flood w.re found at i:
Valley City and Fargo. Although no historical records of floods before .
1882 have been found for the Sheyenne River, undoubtedly, floods did
occur but may not have been observed or recorded. Table 1 summarizes
observed events on the Sheyenne River at West Fargo. The 1969 and 1975
high water surface profiles along with selected high water elevations

for other events are shown on plate 1.

|

All the floods listed in table 1 occurred in the spring except for the
July 1975 flood. Snowmelt combined with rainfall during runoff was the
principal cause of these floods. The July 1975 flood resulted from an
intense rainstorm which remained centered over the lower basin for 3 -

days, dropping over 15 inches of rain in many areas.

Flood stages from the mouth of the Sheyenne River upstream through West -
Fargo are affected by backwater from the Red River of the North and
Maple River. Thus, flood stages in this reach are usually greatest T2

during the combined peaks of the Red River of the North, the Maple

14
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DESCRIPTION OF EXISTING PROBLEMS

The Red River of the North is the principal source of flooding within
the city limits of Fargo and Moorhead. The channel capacity of the Red
River of the North in the Fargo-Moorhead area is approximately 7,000
cfs. Flows exceeding this capacity can inundate residential and
commercial properties in both cities and can damage municipal facilities
such as streets, bridges, and sewer systems. In addition, portions of
the urban study area are susceptible to overflows from the Sheyenne,
Maple, Rush, and Buffalo Rivers and numerous large county drainage

ditches.

Over much of the area, floodwaters also frequently inundate rural areas
during the spring snowmelt and after heavy summer rains with crops,
farmsteads, and transportation facilities sustaining extensive damages.
Although extensive damages occur to both urban and rural areas, the

urban study focused only on urban flooding problems in the study area.

Present flood damages include both tangible and intangible losses.
Tangible losses suffered during urban flooding include inundation damage
to structures, utilities, and transportation facilities; flood-fighting
costs; business losses; increased expenses for normal operating and
living during a flood; dislodged fuel storage tanks and pipelines; and
flooding of sewage collection and treatment facilities. Intangible
losses include threat to human life, human misery, and potential health

hazards from contaminated water and food supplies.

Under the limited flood protection presently available, tangible and
intangible flood losses will continue on an increasing scale. Changes
in the type and extent of flood damages would result from urban growth,
community renewal programs, and land use shifts. Strict enforcement of
and more stringent regulations in local floodplain management programs

would help reduce the growth of future flood losses.

13
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CULTURAL ELEMENTS

Detailed information covering the history of the area, human resources,
economy, and development was developed for the overall Fargo-Moorhead
Urban Study. This information is in the Background Information
Appendix.

PROBLEM IDENTIFICATION

During this investigation, 17 communities within the study area were
identified as having potential flood damages from various flooding
sources. The following communities and their flooding sources are shown
on figure 4: Fargo, Briarwood, Frontier, Prairie Rose, and North River,
North Dakota, and Moorhead, Kragnes, and Rustad, Minnesota, from the Red
River of the North; Brooktree Park, Rivertree Park, Harwood, and Reile's
Acres, North Dakota, from the Sheyenne River; Sabin and Glyndon,
Minnesota, from the Buffalo River; Mapleton, North Dakota, from the
Maple River; Prosper, North Dakota, from the Rush River; and Dilworth,

ﬁinnesota, from localized draimage ditch runoff.

In addition to these 17 communities, three others - Horace, West Fargo,
and Riverside, North Dakota - experience flooding from the Sheyenne
River. The flooding problems of these three communities are addressed
in a recently completed study entitled "General Reevaluation and
Environmental Impact Statement for Flood Control and Related Purposes,
Sheyenne River, North Dakota," January 1984, by the St. Paul District,
Corps of Engineers. Argusville, which experiences flooding from the
Sheyenne River, Red River of the North, and local drainage, is addressed
in a recently completed report entitled "Detailed Project Report for
Flood Control, Red River of the North, Argusville, North Dakota",
January 1985, by the St. Paul Disgstrict, Corps of Engineers.
Unincorporated areas in the Fargo-Moorhead Urban Study area also
experience flooding. This appendix presents data on flooding from the
Red River of the North in Oakport, Moorhead, Barnes, and Stanley
Townships.

11
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Channel catfish, walleye, sauger, and northern pike receive the greatest

attention from anglers. Other species found in the Red River include

carp, - shiners, chubs, redhorse, bullhead, and largemouth bass.

The urban environment of the floodplain forest in Fargo-Moorhead
provides little vegetational diversity. Small mammals, such as
squirrels and rabbits, and a variety of birds are the predominant types

of wildlife. White-tailed deer, fox, and raccoon are present in more

heavily wooded corridor areas where development is not extensive.
Numerous waterfowl pass through the study area during spring and fall
migrations, using the scattered oxbow marshes and wetlands along the Red R
River. A more detailed discussion of the physical and environmental .~
setting is in the Background Information Appendix, which is one of seven ;[;31
reports and technical appendixes constituting the Fargo-Moorhead Urban
Study.

CLIMATE
The study area is in a region classified as "continental cool,"” typified

by severe, cold winters and cool summers. The average temperature of

the coldest month is below 32°F. The average temperature of the warmest

month is between 50° and 71.6°F. On an annual basis, the prevailing
wind at Fargo-Moorhead is from the north and northwest. The average
annual temperature of 40°F reflects the northern location of the area.

Average annual precipitation in the Fargo-Moorhead area is about 21

inches. Nearly three-fourths of the annual precipitation occurs between O
April and September, with the remainder occurring during the winter.

Mean temperatures and precipitation at Fargo, North Dakota, are ﬁ:l

summarized in figure 3. A more detailed discussion of the climate is in }f:~

the Background Information Appendix.




terrain rises only 25 to 30 feet before becoming part of a plain that

slopes toward the river at an average of 3 to 7 feet per mile. ;3
Important wildlife habitat in the area includes any remaining grasslands -
or prairie, woodlands, and wetlands. Because of their location and o
scarcity, these vegetated areas are important to wildlife and for -
aesthetic considerations. Six major tree species form the core of the Cf
native riverbank forests: American elm, green ash, box elder, bur oak,
basswood, and hackberry. Minor tree species include cottonwood, willow, ;i
ironwood, red elm, and trembling aspen. The most important shrubs in -
the area are wolfberry, gooseberry, virginia creeper, wild grape, t}
chokecherry, and prickly ash. The ground cover is dominated by grasses, E
nettle, Solomon's seal, carrion flower, and meadow rue. L
=
This riparian vegetation is very important because of its scarcity.
Native woodlands provide habitat for many species of birds. Some
characteristic breeding birds of the area are Cooper's hawk, red-tailed
hawk, blackbilled cuckoo, great horned owl, yellow shafted flicker, blue -
jay, common grackle, mallard, wood duck, and ring-necked pheasant. ’!
Floodpfain forests are also used extensively by passerine birds as K;
migration corridors during the spring and fall. b

The woodlands provide resting, feeding, breeding, and nesting habitats ‘.
for a greater variety of wildlife than any other habitat type. They

.

also afford migration and travel corridors for wildlife in the riparian i:

zones of streams. Several species of tree squirrels and white-tailed a
o deer depend on the woodlands for both food and cover. Most area Sf
t};. carnivores, such as red fox, skunk, and raccoon, forage and often raise N
;ff, young in the woodlands. x5
.
Ff‘ The wooded riverbanks produce and enhance fish habitat by providing
éf; shade and temperature reduction, cover (tree roots and branches), and };
;;f food (insects 1living in the trees and falling into the water). -
ﬁiﬁ Seventeen families of fish containing more than 80 species are known to e
g!i occur in the Red River; many other species are found in the tributaries. 3
e




Buffalo River

The Buffalo River originates in Becker County, Minnesota, which is just
east of Clay County. It winds its way westward to a point just north of
Dilworth, Minnesota, where it joins the South Branch of the Buffalo
River. It then flows northwesterly, intersecting the Red River about 15

miles north of Fargo-Moorhead.

The drainage area of the Buffalo River is 1,040 square miles. The
average discharge at the gaging station near Dilworth is 131 cfs,
slightly less than that of the Sheyenne River. The maximum discharge of
13,600 cfs and maximum gage height of 27.1 feet were recorded on July 2,

1975. Zero flow was recorded occasionally in 1936.

Ottertail and Bois de Sioux Rivers

The Ottertail and Bois de Sioux Rivers join to form the Red River of the
North about 100 river miles upstream of Fargo-Moorhead. Each river has
a major reservoir - the Orwell Reservoir on the Ottertail River and Lake
Traverse at the head of the Bois de Sioux River - that provides limited

flow control for the Red River basin.

PHYSICAL AND ENVIRONMENTAL SETTING

The Red River of the North flows generally northward in the fertile Red
River Valley, forming a meandering border between North Dakota and
Minnesota. The river valley is the bed of former glacial Lake Agassiz.
At its maximum extent, Lake Agassiz was about 700 miles long, 200 miles
wide, and 650 feet deep. The Red River of the North drains into Lake
Winnipeg in Manitoba, Canada. Lake Winnipeg is a remnant of Lake
Agassiz.

The characteristic fertile soil and flat topography in this area are
results of its glacfal history. At Fargo-Moorhead, the river bottomland
is very narrow, generally 1,000 to 2,500 feet wide, and the adjacent
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longer than the Rush River and drains an area of 1,572 square miles. It
flows in a southerly direction to a point west of Fargo, then
northeasterly into the Sheyenne River at river mile 19.8. The slope of
the Maple River is similar to that of the Sheyenne River; the slope of
the Rush River is flatter,

The average flow of the Maple River at Mapleton, North Dakota, is
approximately 72 cfs. On four occasions, the mean monthly flow has
exceeded 1,000 cfs. The highest monthly mean is 1,708 cfs. Zero flow
has been recorded many times. The Rush River has no gaging station
within the study area. The nearest station is upstream of Amenia, North
Dakota. At this point, 61 percent of the mean monthly flows are less
than 1 c¢fs. Zero flows are a frequent occurrence, particularly in the

months of August through March.

Wild Rice River (North Dakota)

The Wild Rice River begins in Sargent County, North Dakota. The river
flows east into Richland County, then curves northward and parallels the
Red River for about 100 miles. It passes through the southeast corner
of Cass County and joins the Red River approximately 18 miles south of
Fargo. The slope of the river ranges from 4.2 feet per mile in its
upper reaches to 0.8 foot per mile over its last 100 miles. The Wild
Rice Watershed encompasses approximately 2,020 square miles in
southeastern North Dakota and 213 square miles in northeastern South

Dakota.

The Wild Rice River's gaging station nearest the study area is east of
Abercrombie, North Dakota, approximately 25 miles south of Fargo. Many
periods of no flow have been recorded, primarily during winter. The
average discharge during 47 years of records is 76 cfs. The maximum was
9,540 cfs on April 11, 1969.
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of record, approximately 8 percent of channel capacity. The maximum
recorded discharge was 25,300 cfs on April 15, 1969, almost 3.5 times
the channel capacity. In contrast, no flow has been recorded on many

occasions; the most recent occasion was on October 19, 1979.

Sheyenne River

The Sheyenne River is the second-longest river passing through the study
area. It meanders approximately 500 river miles from central North
Dakota to its mouth at the Red River of the North, 10 miles north of
Fargo-Moorhead. The river flows in a southeasterly direction to a point
southwest of the study area. At this point, it loops northeasterly and
flows through the study area. The elevation of the headwaters near
Kruger Lake is 1700 feet msl (feet above mean sea level); the elevation
at the mouth is 854 feet msl. Thus, the river falls an average of 1.7

feet per mile.

The drainage area for the Sheyenne River is 5,290 square miles above
West Fargo and 7,140 square miles above the mouth because the Rush and
Maple Rivers join the Sheyenne between West Fargo and the mouth. The
7,140-square mile figure excludes the closed Devil's Lake basin and
other closed areas, which total another 3,800 square miles. The channel
capacity of the Sheyenne River at the West Fargo gaging station is 2,200
cfs, which corresponds to an elevation of 897 feet msl. The average
discharge at this point is only 154 cfs, approximately 7 percent of
channel capacity. The maximum recorded discharge was 3,480 cfs during
the 1979 spring flood. At high flows, Sheyenne River floodwaters break
out of the basin between Kindred, North Dakota, and West Fargo and join
the Red River south of Fargo.

Rush and Maple Rivers

The Rush and Maple Rivers are tributaries of the Sheyenne River. The
Rush River drains an area of 236 square miles. It enters the Sheyenne

River from the west at river mile 11.7. The Maple River is considerably
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Dakota, and Moorhead, Minnesota. Fargo and Moorhead are on the west and
east banks, respectively, of the Red River of the North, approximately
453 river miles above the mouth of the river at Lake Winnipeg. Study
area boundaries were determined by distinguishing climatic, physical,
biological, and socioeconomic characteristics that yielded common

problems and goals.

The 13-township study area includes the cities of Fargo and Moorhead
plus the surrounding townships in the Fargo-Moorhead projected 50-year
urban growth area. Portions of the Red River of the North and the Wild
Rice, Sheyenne, Maple, Rush, and Buffalo River drainage systems are in
the study area. The relationship of the study area to the major

watersheds is shown in figure 2.

MAJOR RIVERS

The major rivers in the study area include the Red River of the North
and the Sheyenne, Maple, Rush, Buffalo, and Wild Rice Rivers. The
Ottertail and Bois de Sioux Rivers merge upstream (south) of the study

area to form the Red River of the North.

Red River of the North

The major surface water resource of the study area is the Red River of
the North. It originates at the confluence of the Ottertail and Bois de
Sioux Rivers near Breckenridge, Minnesota. It falls approximately 1-1/2
feet per mile to its outlet at Lake Winnipeg in Canada, 453 river miles
downstream of Fargo-Moorhead. The Red River meanders through the former
lakebed of glacial Lake Agassiz.

The drainage area of the Red River of the North at F;rgo is
approximately 6,800 square miles. The channel capacity at the Fargo
gaging station is 7,000 cfs (cubic feet per second), which corresponds
to a gage reading of 17 feet or elevation 861.8 feet msl (above mean sea

level). The average discharge at Fargo is 559 cfs over a 78-year period
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Maple River

The major cause of flooding on the Maple River is rapid snowmelt in
combination with spring rains, or high-intensity rainfall. Flat
topography and the large contributing western drainage area are factors
that make almost all of Mapleton vulnerable to flooding. In addition to
the flooding potential at Mapleton, the Maple River increases the flood
problem on the Sheyenne River. Flows on the Maple River discharge into
the Sheyenne River above the communities of Rivertree Park, Harwood, and

Brooktree Park.

The maximum and most recent flood of record occurred in July 1975, with
a discharge of 11,600 cfs. The April 1969 flood had a discharge of
7,000 cfs. Dates and discharges of major floods on the Maple River, as
recorded at the U.S. Geological Survey gage at Mapleton, are listed in
the following table.

Table 3 - Peak Discharges at Mapleton, North Dakota

- Date Peak Discharge (cfs)
April 1947 3,880
April 1950 1,980
April 1952 3,850
June 1953 4,850
April 1965 3,210
March 1966 3,610
April 1969 7,000
April 1970 3,340
July 1975 11,600

Snowmelt combined with rainfall during runoff was the principal cause of
most of the Maple River flooding. The July 1975 flood resulted from an
intense rainstorm that remained centered over much of the basin for 3

days, dropping over 15 inches of rain in many areas.
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Rush River

Although the Rush River is characterized by an intermittent flow during
much of the year, damaging floods from snowmelt, high-intensity rains,
or a combination of both occur in the subbasin almost on an annual
basis. About 80 percent of the time, floods are the result of snowmelt.
Snow accumulation over the winter months followed by rapid thaws in
March, April, and sometimes early May causes such flooding. About 20
percent of the time, the floods are the result of high-intensity summer

storms.

The closest gage to the study area is located at Amenia, which is
upstream of Prosper. The drainage areas at Amenia and Prosper are 116
square miles and 150 square miles, respectively. The gage at Amenia has
been in operation since 1946. The largest flood recorded at the gage
occurred on April 18, 1979. A.cording to high water elevations

observed, this was also the maximum flood recorded for Prosper.

Buffalo River

Flooding along the lower reach of the Buffalo River and its south branch
occurs frequently. Most of the flooding is caused by spring snowmelt,
sometimes intensified by rainfall. Besides spring snowmelt flooding,
flooding can also be caused from high intensity rains during summer
months, which was the case in July 1975. Although they do not occur

very often, these summer floods are characterized by high peak flows.

As shown on figure 4, Glyndon is midway between the South Branch Buffalo
River and the main branch of the Buffalo Riv~r. There is a gage located
on the main branch of the Buffalo River at Hawley upstream of Glyndon.
Two gages are located in the Buffalo River basin within the study area.
One gage is on the South Branch Buffalo River at Sabin and another gage
is near Dilworth on the main stem downstream of the confluence with the
South Branch. The gages at Hawley and Sabin have been in operation

since 1945, and the gage near Dilworth has been in operation since 1931.

18
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The observed floods at these three locations are shown in the following

I table.

'
‘.

Table 4 - Observed Floods on the Buffalo River

Discharge (cfs) —

- Year Hawley Sabin Dilworth k_'. "
o 1975 2,050 8,500 13,600 -
1969 1,880 6,410 10,400 R

_?? 1962 1,430 6,340 6,140
1965 1,250 4,130 5,960

- 1978 2,000 3,440 5,420 e
1966 1,520 3,310 5,000 s

= STUDIES PERFORMED

To help in the problem identification for the communities included in NS

the study area, studies were performed in hydrology, hydraulics, and

. economics. These studies were performed to quantify the damages from
historic floods and floods of greater magnitude that have the

possibility of occurring within the study area. :‘_::;‘.

! Hydrology '

Discharge-frequency data have been derived for several locations in and

near the study area on the Buffalo, Sheyenne, Maple, Rush, and Red ::-.":

Rivers. Two types of frequency analysis have been done for the Fargo- -\
’- Moorhead area. Both types used the data available from the U.S. :~.:\
o Geological Survey (USGS) gaging stations on the rivers in the study _:'.-\
. area. The first type is P (P-infinity), and is used for flood .":
. insurance studies (FIS) of the Flood Emergency Management Agency (FEMA). o
This is a Log-Pearson Type III analysis. Although these values were not
g used in the flood control studies conducted, they are presented in this )
report for the Sheyenne River and the Red River of the North because of

) the recent FIS work for the two rivers in the study area. The second

type of frequency analysis conducted, which is used by the Corps of
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Engineers in the design of flood control projects, is Pn (expected
probability). This is also a Log-Pearson Type III analysis, but it has
ad justments based on the length of record available. The reasons for

the two sets of values are as follows:

1. It is considered to be easier to change Pa; values when a longer
period of record is available since only flood insurance rates are

involved (study by National Academy of Sciences, 1978).
2. Because it is very costly to modify flood control structures after
they are built, a high level of confidence must be used in their

design.

Because of these reasons, PG> values are used in FEMA flood insurance

studies, and Pn values are used in Corps of Engineers design work.

Red River of the North - Discharge-frequency data for the Red River of

the North were developed at the gage near at the Fargo City Water Plant,
at river mile 453.0. The period of record used in the analysis was 1901
to 1979, with historic information before 1901 used as available. The
following table lists the discharge-frequency data for the Red River of
the North at Fargo and also lists deta downstream of the confluence with
the Sheyenne River. The data in the table were obtained from a previous
study entitled "Red River Study - Lower Sheyenne Frequency Analysis, 8-
13 December 1982," by the St. Paul District, Corps of Engineers.

Table 5 - .ed River of the North Discharge-Frequency Data

Exceedance Fre- Discharge in cfs
quency in Percent Fargo Gage -Downstream Sheyenne
(Return Period P Pn P . Pn
in Years) Floodplain Corps Design Floodplain Corps Design
10 (10) 10,300 11,100 15,300 15,700
2 (50) 22,300 24,900 31,800 34,700
1 (100) 29,000 33,300 41,100 46,100

0.2 (500) 50,000 60,800 68,400 82,700
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Sheyenne River - Discharge-frequency data for the main stem of the

Sheyenne River at Interstate Highway 29, which is downstream of the
confluence with the Maple River, were obtained from a previous study
entitled "Red River Study - Lower Sheyenne Frequency Analysis, 8-13
December 1982." The following table lists the discharge-frequency data

for the Sheyenne River at Interstate 29.

Table 6 - Sheyenne River at Interstate 29 Discharge-Frequency Data

Exceedance Frequency Discharge in cfs

in Percent Pco Pn

(Return Period in Years) (Floodplain Use) (Corps Design)

10 (10) 6,250 6,510
2 (50) 13,600 14,400
1 (100) 17,500 19,000
0.2 (500) 28,900 33,200

The closest gage to the study area communities of Harwood, Rivertree
Park, Brooktree Pafk, and Reile's Acres is on the Shéyenne River at West
Fargo. The following table lists the discharge-frequency data for that
gage. This information was obtained from a previous study entitled
"General Reevaluation and Environmental Impact Statement for Flood
Control and Related Purposes, Sheyenne River, North Dakota," January

1984, by the St. Paul District, Corps of Engineers.

Table 7 - Sheyenne River at West Fargo Discharge-Frequency Data

Exceedance Frequency
in Percent Discharge (cfs)

(Return Period in Years) (Corps Design)

10 (10 3,050
2 (50) 3,780
1 (100) 4,000
0.2 (500) 4,400
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Maple River - Discharge-frequency data for the Maple River at Mapleton
were obtained from the Sheyenne River study conducted by the Corps of
Engineers. The following table lists the discharge-frequency data for
the Maple River at Mapleton, a-suming Corps of Engineers design

discharges.

Table 8 - Maple River at Mapleton Discharge-Frequency Data

Exceedance Frequency

in Percent Discharge (cfs)
(Return Period in Years) (Corps Design)
10 (10) 5,330
2 (50) 14,900
1 (100) 21,900
0.2 (500) 49,300

Rush River - Discharge-frequency data for the Rush River at Amenia was
obtained from the Sheyenne River study. Data for prosper has been
estimated using drainage area transfer from Amenia. The drainage areas
at Amenia and Prosper are 116 square miles and 150 square miles,
respectively. The following table lists the discharge-frequency

relationships for the Rush River at Amenia and Prosper.

Table 9 - Rush River Discharge-Frequency Data

Exceedance Frequency

in Percent Discharge in cfs
(Return Period in Years) Amenia " Prosper
10 (10) 1,390 1,630
2 (50) 3,660 4,280
1 (100) 5,230 6,120
0.2 (500) 11,200 13,100

Buffalo River - Discharge-frequency data for the Buffalo River were

developed for three locations in and near the study area. The locations
include the South Branch Buffalo River gage at Sabin, the main stem gage

downstream of the confluence with the South Branch Buffalo River near
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Dilworth, and the gage located on the main branch of the Buffalo River
near Hawley, which is upstream of Glyndon. The following table lists
the discharge-frequency relationships for the Buffalo River at these

locations.

Table 10 - Buffalo River Discharge-Frequency Data

Exceedance Frequency Discharge in cfs
in Percent Corps Design Values
(Return Period in Years) Hawley Sabin Dilworth
10 (10) 1,750 4,530 5,010
2 (50) 2,890 10,300 12,100
1 (100) 3,400 13,900 16,900
0.2 (500) 4,630 25,800 33,800

Bydraulics

Hydraulic studies were conducted to help determine the level of flooding
within the study area. The following sections describe the type of

studies and data used for each of the flood sources in the study area.

Red River of the North - The U.S. Army Corps of Engineers Hydrologic

Engineering Center (HEC-2 Water Surface Profiles) computer model was
used to determine existing conditions water -surface profiles on the Red
River of the North within the study area. This model ties in with
existing models previously developed by the Corps of Engineers for areas
downstream and upstream of the Fargo-Moorhead urban area. The model was
calibrated using historic flood profiles and discharges. Detailed
cross-sectional information on the Red River of the North channel and
overbank areas were obtained for this study. The locations of selected
cross sections are shown on plates 2 and 3. Elevations for floods of
selected exceedance frequencies at the selected cross sections are shown
on the following table (table 11). Selected cross sections are shown on

plates 4 through 13, with elevations of the floods of selected

exceedance frequencies noted. Table 12 shows the elevations and stages
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Table 11 - Red River of the North at Fargo-Moorhead

Updated Values as of December 18, 1984

Y Water Surface Elevations Based on USACE Design Discharges

pey Channel
R Cross River Mile Invert Percent Chance Flood Elevation
g Section Above Mouth Elevation 10-PCT 2-PCT 1-PCT .5-PCT .2-PCT
o 70 436.02 854.0 884.0 892.0 893.0 894.1 895.2
Ll 69 437.63 855.0 884.7 892.5 893.5 894.5 895.5
o 67 438.74 855.0 885.3 892.9 893.8 894.6 895.2
A 66 439,18 856.0 885.7 893.5 894.7 895.7 897.2
El 65 439,35 855.0 885.7 893.5 894.8 895.7 897.2
e 62 441,25 858.0 886.5 894.2 895.6 896.6 898.3
Y 61 441,88 857.0 886.8 894.4 895.8 896.9 898.5
o 59 442.63 856.0 887.0 894.6 896.0 897.1 898.7
s 54 444 .16 855.0 887.5 894.9 896.4 897.5 899.1
Il 52 445.03 859.0 887.6 895.0 896.4 897.4 898.9
: 48 446.18 860.0 887.9 895.3 896.8 897.9 899.5
47 446,66 860.0 888.1 895.4 896.9 898.0 899.4
e 44 447.35 860.0 888.4 895.7 897.2 898.4 899.9
o 43 448,09 860.0 888.7 896.0 897.5 898.7 900.1
F 42 448,35 859.0 888.8 896.1 897.7 899.0 900.5
oy 39 449.10 861.0 889.2 896.6 898.2 899.6 901.2
K 38 449.29 862.0 889.4 896.7 898.4 899.8 90l.4
" 37 449,98 863.0 889.7 897.0 898.7 900.1 901.6
o 35 450.83 857.0 890.2 897.4 899.1 900.5 902.0
I. 32 451.56 866.0 890.8 898.1 900.0 901.6 903.3
W 29 451.73 863.0 891.0 898.3 900.3 902.2 904.3
ey 27 452,48 866.0 891.3 898.6 900.6 802.5 904.7
o 26 452.68 868.0 891.4 898.8 900.7 902.7 904.9
i 25 452.92 871.0 891.7 899.0 901.0 903.0 905.2
gl 23 453.38 866.0 892.0 899.3 901.3 903.3 905.4
e 21 454 .22 865.0 892.4 899.6 901.6 903.6 905.8
. 19 454,94 863.0 892.7 899.8 901.8 903.7 905.8
17 455.46 864.0 892.9 899.9 901.9 903.8 905.9
g 15 456.08 864.0 893.2 900.2 902.2 904.1 906.2
b 13 457.21 865.0 893.6 900.5 902.5 904.4 906.4
12 457.38 864.0 893.6 900.5 902.5 904.3 906.3
11 457.88 863.0 893.8 900.7 902.6 904.5 906.5
\ 9 458.81 865.0 894.3 901.1 903.1 905.0 906.9
- 8 460.40 868.0 894.9 901.6 903.5 905.2 907.0
i- 7 460.62 868.0 895.1 901.8 903.7 905.4 907.1
;q 6 461.23 867.0 895.4 902.1 904.0 905.8 907.4
R 5 462.09 868.0 895.9 902.4 904.3 906.0 907.6
e 4 462,68 864.0 896.2 902.6 904.5 906.2 907.8
g 3 463.10 867.0 896.4 902.8 904.7 906.3 907.8
i’ 2 463.32 866.0 896.6 903.0 904.9 906.5 907.9
)
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at the Fargo gage for floods of selected return periods and historic
events. The gage is located at river mile 453 near cross section No.
25. A rating curve for the Red River of the North at Fargo, North

Dakota, is shown on plate 14.

Table 12 ~ Red River of the North Gage at Fargo
Comparisons of Floods of Selected Exceedance Frequencies

and Historic Events

(1)

Discharge Stage Elevation
Flood Event (cfs) (feet) (Feet above msl)
Computed Values
Exceedance Frequency
in Percent (Return
Period in Years)
10 (10) 11,100 29.9 891.7
2 (50) 24,900 37.2 899.0
1 (100) 33,300 39.2 901.0
0.2 (500) 60,800 43.4 905.2
Measured Values
1969 Flood 25,300 37.3 899.1
1978 Flood 17,500 34.4 896.2
1979 Flood 17,300 34.9 896.7

(1) Gage '0' = elevation 861.8.

Detailed topographic mapping was also developed for the Red River of the
North floodplain through the urban study area. Maps were drawn at a
scale of 1 inch = 200 feet and a 2-foot contour interval. A layout of
the maps developed is shown on plates 15 through 17. Also shown on
these plates is the project boundary where the actual contour mapping

was done.

The study did not include the communities of Briarwood, North Dakota,
and Kragnes and Rustad, Minnesota. Information for these three
communities was obtained from the previous models developed upstream and

downstream of the urban development of Fargo and Moorhead. The

25
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following table presents the elevations at Briarwood, Kragnes, and

Rustad.

Table 13 - Red River of the North

Flood Elevations Computed at Briarwood, Kragnes, and Rustad

Exceedance Frequency Elevation in feet msl
in Percent Briarwood, Kragnes, Rustad,
(Return Period in Years) North Dakota Minnesota Minnesota
10 (10) 897.6 884.3 903.0
2 (50) 904.2 889.6 908.9
1 (100) 905.9 890.3 910.3
0.2 (500) 908.8 892.0 912.6

Sheyenne River - Information for the Sheyenne River was obtained from a

recently completed study entitled "General Reevaluation and
Environmental Impact Staiement for Flood Control and Related Purposes,
Sheyenne River, North Dakota," January 1984, by the St. Paul District,
Corps of Engineers. In the Sheyenne River study, rating curves were
developed at key points along the Sheyenne River. The relationship
between elevations and discharges is important at all locations along
the Sheyenne River, but it is most critical and complex in the lower
reach of the Sheyenne River within the study area. In this area, the
levels of the Red River of the North and the Maple River influence the
levels along the Sheyenne River. The following table summarizes

pertinent rating curve data and locations along the Sheyenne River.

Table 14 - Summary of Pertinent Rating Curve Data

Along the Sheyenne River

Plate Location Reference Point
18 West Fargo USGS gage
19 & Mouth of Maple River Railroad bridge over
20 Sheyenne River
21 Brooktree Park, Rivertree Park, Harwood I-29 bridge
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Maple River - Flooding at Mapleton occurs when the Maple River reaches
the elevation of County Highway 11 north of Interstate Highway 94.
Floodwater will overtop the road and become sheet flow in the area east
of County Highway 11 and north of Interstate Highway 94. The low point

in the road obtained from surveys is elevation 906.5.

Flood elevations at Mapleton were developed for this study using

historic profiles on the ..aple River. The frllowing table lists

elevations for floods of selected recurrence intervals and for the 1975

flood.
Table 15 - Maple River at Mapleton
Comparisons of Floods of Selected Exceedance Frequencies
and the 1975 Flood
Discharge Elevation
Flood Event (cfs) (Feet above msl)
Computed Values
Exceedance Frequency
in Percent
(Return Period in Years)
10 (10) 5,330 905.7
2 (50) 14,900 907.2
1 (100) 21,900 907.5
0.2 (500) 49,300 908.0
Measured Value
1975 Flood 11,600 906.8

Rush River - Information on the Rush River at Prosper was obtained from
historic flood profiles. According to gage records at Amenia and high
water elevations obtained at Prosper, the maximum flood occurred in
April 1979. The discharge for the 1979 flood at Amenia was 3,490 cfs,
which, according to the discharge-frequency data developed, was
approximately a 2-percent exceedance frequency flood (50-year recurrence
interval). According to high water measurements at Prosper, the 1979
flood reached an elevation of 898.7 at the railroad crossing. The

railroad runs to the southeast along the southwest boundary of Prosper.

27




A Ea S W it A e S S Tl e - A A S e i S0 SR S P I B G e b - A

Buffalo River -~ Information on the Buffalo River was obtained from

historic flood events. The maximum flood of record at Sabin occurred in
1975, with a discharge of 8,500 cfs and a recorded elevation of 922.3,
The 1975 flood was approximately a 2.7-percent exceedance freqency flood

(37 -year recurrence interval).

Information at Glyndon was based on the discharge-frequency data
developed at Hawley and high water elevations recorded at the Highway 10
crossing of the main branch Buffalo River approximately 4 miles east of
Glyndon. The maximum recorded flood at Hawley occurred in 1975, with a
discharge of 2,050 cfs. The 1975 flood was approximately a 3.7-percent
exceedance frequency flood (27-year recurrence interval) at Hawley and
approximately a 2-percent exceedance frequency flood (50-year recurrence
interval) on the main stem Buffalo River near Dilworth. The 1975 flood
also had the highest recorded high water mark at I.ghway 10, with an
elevation of 946.62. In 1969, an elevation of 946.12 was recorded. The
1975 flood had breakout to the west, with flows following Highway 10
into Glyndon.

The high water elevation on the South Branch Buffalo River at Highway 10
approximately 3 miles east of Dilworth was recorded to be 915.4. There
is high ground between Dilworth and the South Branch Buffalo River. In
addition to the high ground, the roads running north and south between
the river and Dilworth are built up, acting as levees that block the

flow of water which might break out to the west.
EXISTING FLOOD CONTROL PROJECTS

As part of the comprehensive plan for the entire Red River of the North
drainage basin developed by the Corps of Engineers in 1947, a permanent
flood control project was recommended and authorized for the Fargo-
Moorhead area. This plan included 24 miles of channel clearing, channel

enlargement and deepening for a distance of 4.9 miles, and construction
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of 1,850 feet of earthen levee in Moorhead and 5,480 feet of earthen

levee and concrete floodwall in Fargo. Several modifications were made

lal

to this plan on the basis of recommendations of local interests; in
particular, the city of Moorhead indicated thact it did not desire levee -
protection at that time. The project, as constructed (see figure 5 on

previous page), consists of the following:

o 3,550 feet of earthen levee on the left bank of the river that

protects Island Park and adjacent low areas in Fargo. .;

o A 1,200-foot channel cutoff in Moorhead across the river from Island
Park and three smaller channel cutoffs approximately 7 river miles
farther downstream. These cutoffs lower flood elevations slightly -

in both communities.

i

o Relocation of a low-head dam and extension of cooling water
discharge lines from a nearby power plant, both necessitated by the

channel cutoff in Moorhead.

o Appropriate ponding areas, outlets, and a pumping station for R

interior drainage. e

The permanent flood control project was completed in 1961 and turned
over to local interests in 1963. Some repair work was needed after the

1965 flood on the Red River; these repairs were completed by 1967.

In addition to the project described above, a section of private levee
protects the Veterans Administration Hospital in Fargo. This 1,500-foot -
earthen levee has a central core of steel sheet pilings. Another .
private levee is located at Elm Street and Eighth Avenue North in Fargo

and protects a condominium complex.

Fargo has a permanent levee protecting E.L. Zagal Golf Course. The city
has also left three emergency levees in place at the following locations

(see figure 6):
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Table 17 ~ Economic Summary for Mapleton, North Dakota

Community: Mapleton
River: Maple River
Number of Structures in the Floodplain ~

AR T M it S Mg il a /A sdiar
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Zo
¢

Tl

Type of Structure

Residential
Commercial
Public

Total

100-Year Floodplain

500-Year Floodplain

27 54 S
2 2 )

1 1

30 57

Flood Damages

by Frequency

Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent

(Return Period) (10-Year)  (50-Year) (100-Year) (500-Year)

Residential 0 $252,000 $375,000 $660,000

Commercial 0 20,000 25,000 30,000

Public 0 8,000 10,000 12,000

Total 0 280,000 410,000 702,000
Flood Elevations by Frequency

Exceedance (Zero Damage)

Frequency 5-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation 906.5 905.7 907.2 907.5 908.0

Average Annual Flood Damages and Benefits

Annual Damages .
Annual Benefits of 100-Year Protection
Annual Benefits of 500-Year Protection

516,000
8,000
14,000
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Table 16 - Economic Summary for Kragnes, Minnesota

Community: Kragnes
River: Red River of the North
River Mile: 432.7

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain

500-Year Floodplain

Residential 4
Commercial 0
Public 0
Total 4

lo o~

~

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent 1l-Percent 0.2-Percent
(Return Period) (10-Year) (50-Year) (100-Year) (500-Year)
Residential 0 $13,000 $20,000 $45,000
Commercial 0 0 ] 0
Public 0 0 0 0
Total 0 13,000 20,000 45,000
Flood Elevations by Frequency
Exceedance (Zero Damage)
Frequency 2.5-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent
Elevation 889.5 884.3 889.6 890.3 892.0
Average Annual Flood Damages and Benefits

Annual Damages $500

Annual Benefits of 100-Year Protection 250

Annual Benefits of 500-Year Protection 400
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communities included in this screening process, information for the e
unincorporated areas along the Red River of the North are also shown.
These areas are combined under Oakport, Moorhead, Barnes, and Stanley . |

Townships and summarized in tables 20 through 23.
FINAL SCREENING

Flood control alternatives were then considered for those remaining e
communities that demonstrated average annual damages which could
possibly support flood damage reduction measures. Management measures }{

commonly considered include both structural and nonstructural.

Nonstructural

L A

The following nonstructural plans were considered, but not evaluated in

detail.

o Flood Warning Systems and Emergency Protection - This measure

consists of predicting the timing and magnitude of floods and Zi
allowing for evacuation of flood-prone areas or erection of
emergency flood protection measures. The National Weather Service
provides rainfall and snowmelt advisory forecasts for the Red River
and its major tributaries. It predicts a given stage at a q
particular gage or gages in the basin on the basis of observed 5:
precipitation and flow at upstream points as well as anticipated
weather conditions. The forecast is transmitted to local officials, - .
newspapers, and radio and television stations in the basin. These

sources disseminate the information to residents of the floodplain i
in the form of a flood warning. Even though the anticipated flood .
may be of moderate proportions, forewarning permits industrial
plants, public u?ilities, municipal officials, and individuals with -
property in the.lowlanda to take protective measures., Emergency
flood protection barriers have been constructed during major flood
periods in response to forecasts. These barriers are discussed on

pages 28 through 36.
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river mile 437.0. Also included in these inventories are the smaller

communities of Prairie Rose, Frontier, Briarwood, and North River in
North Dakota, and Kragnes in Minnesota. Reile's Acres, North Dakota, in

the Sheyenne River floodplain was also inventoried.

The market value of each residential and multiple family structure was
determined from city and county assessor records and adjusted to obtain

the current market value.

The ground and first-floor elevations were inventoried to determine
points where water would enter a building. Fargo has surveyed the
lowest entry point and the first-floor elevations for most residences in
the 100-year floodplain. Other structures were surveyed using a hand
level and base maps that included the sewer system with manhole
elevations along with elevations at the top of the curb for several
points along each street. In some rural subdivisions, good survey maps
were not available. Elevations for these areas were determined by USGS
maps and supplemented by running vertical control to some of the areas.

These areas were generally flat.

Three communities were surveyed along the Sheyenne River: Harwood,
Rivertree Park, and Brooktree Park. The survey built on information
provided by the Sheyenne River report. New information was collected to
determine the value and elevation of new structures in the area.
Damages determined from the new structure inventory were added to the

updated damage figure reported in the Sheyenne River report.

Damages were also determined in Mapleton using USGS maps, county

assessor's data, and supplemental elevations obtained by field surveys.

Based on the computed average annual flood damages, as discussed, a
second screening of communities was made. Because of insignificant
annual damages, the communities of Kragnes, Minnesota, and Mapl- ton,
Frontier, and Prairie Rose, North Dakota, were eliminated from further
investigations. Pertinent information used in the second screening

process is summarized in tables 16 through 19. In addition to the four
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Prosper

ol

Prosper, North Dakota, is about a half mile east of the Rush River and
is bordered by the Burlington Northern Railroad and a township road.
Prosper is located on ground that is higher than the surrounding land in

the area. The flood of record occurred in 1979 and reached an elevation

of 898.7 at the Burlington Northern Railroad. This flood had an

cw oy
L

estimated exceedance frequency of 2-percent (50-year recurrence

internal). Based on available information, the ground elevation at

e N i
Ll

Prosper is approximately 900 feet msl, with the roads and railroad
around the community being elevated. Because of the extremely

infrequent flood potential in Prosper, further study was not warranted.

SECOND SCREENING -

Following the initial screening of communities in the study area, a more

detailed approach was required for the second screening which involved

an economic evaluation of flood damages. This involved the development -
of average annual flood daﬁages. These figures were derived by : I
developing and combining hydrologic, hydraulic, and damage curves
relating flood elevation and discharge, discharge and frequency, and
flood elevation and damages. Discussions of hydrologic and hydraulic

studies are in previous sections. eT

For the remaining communities congidered in the second screening v
process, flooding can result from high stages on three rivers: the Red

River of the North, the Sheyenne, and the Maple. Economic assumptions o
are based on an interest rate of 8-3/8 percent and October 1984 prices o

and conditions.

Structures in the estimated 0.2-percent exceedance frequency (500-year)
floodplain of the Red River of the North were inventoried. This
inventory included all structures in the floodplain within the corporate
limits of Fargo, North Dakota, and Moorhead, Minnesota, as well as in

the unincorporated areas upstream to river mile 466.5 and downstream to -
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Glyndon

Glyndon, Minnesota, is midway between the South Branch Buffalo River and
the main branch of the Buffalo River. The main branch of the Buffalo
River is the source of potential flood problems for the city of Glyndon.
The maximum flood of record occurred in 1975 and reached an elevation of
946.6 at the Highway 10 bridge approximately 4 miles east of Glyndon.
On-site inspection of Glyndon revealed that all houses are from 2 to &
feet above road level. Discussions with city officials indicated that
there are no problems with flooding in town. Review of past flood
events indicates that, for infrequent events, some flow from the Buffalo
River could break out and flow west along Highway 10 toward Glyndon.
This break-out flow 1s not expected to pose a significant threat. Since
a significant flood threat at Glyndon has not been identified,

additional study was not warranted.
Dilworth

Dilworth, Minnesota, is about 3 miles west of the South Branch Buffalo
River. The maximum flood of record occﬁrred in 1975, reaching an
elevation of 915.4 at the Highway 10 bridge. High ground between
Dilworth and the South Branch Buffalo River and the elevated road system
act as levees, blocking the flow of water that might break out to the
west. On-site inspection and discussions with city officials reveal
that the main concern at Dilworth is localized runoff handled by two
drainage ditches. County Ditch 50, running east-west through the north
part of Dilworth, has a drainage area of 1.9 square miles. County Ditch
41, also running east-west through the southern part of Dilworth, has a
drainage area of 9.6 square miles. Because of the high water table and
the problems with the local runoff that is handled by these county
ditches, Dilworth experiences frequent surface flooding unless the
ditches are kept open. Since the problem is related to localized
drainage problems, it is not in the scope of a Federal flood control

project and, therefore, further study is not warranted.
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control project: Rustad, Sabin, Glyndon, and Dilworth, Minnesota; and

Prosper, North Dakota.

Rustad

Rustad, Minnesota, is located about 1.5 miles east of the Red River of
the North, upstream of the confluence with the Wild Rice River. The
elevation of the land surrounding Rustad is approximately 910 feet msl.
High water marks indicate that the 1969 flood of record at Rustad
reached an elevation of 908.4 feet msl. As shown on table 13, the 2-
percent and l-percent exceedance frequency floods would reach elevations
of 908.9 and 910.3 feet msl, respectively. At the l-percent exceedance
frequency flood level, much of the surrounding land would be inundated.
The roads in the area are built up 4 to 5 feet above the normal ground
levels, providing emergency transportation routes for Rustad. Based on
the elevations of the structures and levels of flooding at Rustad, ‘¢
was determined that there is not a significant flood problem that would

warrant further study.
Sabin

Sabin, Minnesota, is about 1.5 miles west of the South Branch Buffalo
River. The land immediately surrounding Sabin is the highest land in
the immediate area and serves as the drainage divide between the South
Branch Buffalo River to the east and the Red River of the North to the
west. The elevation of the area of Sabin that would be affected by the
South Branch Buffalo River 1is approximately 930 feet msl. The maximum
flood of record at Sabin occurred in 1975 and reached an elevation of
922.3 as recorded at the gage east of town. The 1975 flood had an
estimated exceedance frequency of 2.7-percent (37-year recurrence
interval) and posed no threat to Sabin. Based on the elevations at
Sabin compared to projected elevations of design floods from the South
Branch Buffalo River, it was determined that there is not a flood threat

which would warrant further study.
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I STUDY PROCESS

An initial analysis was conducted for Fargo, North Dakota, and Moorhead,
Minnesota, and the 15 smaller communities to be looked at in the urban
study area to determine which of these communities experience
significant flood problems. Field inspections were made at each of the
communities to determine the extent of development, elevations, and
potential damage areas. Existing information was obtained from past
floods to help determine which communities have been subject to flood
damages. Based on this information, an initial screening process was
performed. Communities that had no significant flood problems were

eliminated from additional analysis.

For the remaining communities in the study area, estimated average
annual flood damages were developed, as discussed in detail beginning on
page 40. Based on these computed average annual flood damages, a second
screening of communities was made. Communities that had insignificant

annual damages were eliminated from further investigations.

Flood control alternatives were then developed for the remaining

communities. Cost estimates were computed for each alternative; and,
! based on the average annual cost and the average annual damages
prevented, a benefit-cost ratio was computed. Alternatives with a
benefit-cost ratio greater than 1.0 (benefits derived from flood
protection exceed the cost of the project) would be recommended for
: further, more detailed studies to determine the feasibility of permanent

protection.
INITIAL SCREENING

Based on available information, communities that had no significant
flood problems were eliminated from additional analysis. The following
communities did not have significant flood problems that could require

or economically justify further consideration of a permanent flood
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o Along Elm Street from 18th Avenue to 19th Avenue North.
o Along Oak Street from 8th Avenue to 10th Avenue North.

o Along the riverbanks from 10th Avenue to 13th Avenue South.

No permanent flood control levees exist in Moorhead. A temporary levee
was constructed during the 1978 spring flood on the Red River and was
extended by the city in 1979. This area is adjacent to Gooseberry Park
and just south of the Interstate Highway 94 bridge (see figure 7).

During the 1969 flood, three legal drains in Fargo were the source of
considerable problems. Plans for improvements of drains 3, 10, and 40
(see figure 8) were completed in 1971, and construction began in 1976.
The plans called for widening and deepening, lining with concrete,
installing lift stations, and incorporating holding ponds. The drain
improvements have already resulted in removing most of the land near
drain 3, which runs through a developed area, from the 100-year

floodplain.

Emergency levees exist at some of the smaller communities in the study
area. A 1,300-foot emergency levee was constructed in the spring of
1979 around the southwest part of Harwood (see figure 9). A portion of
this levee was removed and the city extended the levee as shown in the
figure. The community of Rivertree Park constructed a levee to provide
emergency flood protection from the Sheyenne River. The northern half
of this levee is a raised gravel road, and the remainder is a mowed
grass levee (see figure 9). An approximately 2l-inch overnight rise in
the Maple River during the spring flood in 1978 prompted the city of
Mapleton to construct an emergency levee (reach 1 shown on figure 10)
with Corps assistance. In 1979, another levee section (reach 2) was
built because of concern that Highway 11 would be overtopped. No known
levees have been built at any of the small Minnesota communities in the

study area.
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Table 18 - Economic Summary for Frontier, North Dakota

Community: Frontier
River: Red River of the North
River Mile: 462.09

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 0 55
Commercial 0 2
Public Y Y
Total 0 57

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent l-Percent 0.2-Percent
(Return Period) (10-Year)  (50-Year) (100-Year) (500-Year)
Residential 0 0 0 $648,000
Commercial . 0 0 0 ' 8,000
Public 0 0 0 0

Total 0 0 0 656,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 0.4-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation 906.3 895.9 902.4 904.3 907.6

Averagg Annual Flood Damages and Benefits

Annual Damages $5,000
A Annual Benefits of 100-Year Protection 0
3 Annual Benefits of 500-Year Protection 2,000
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;: Table 19 - Economic Summary for Prairie Rose, North Dakota )
- . o
Y = =A
A Community: Prairie Rose o
"’ River: Red River of the North
- River Mile: 460.40
< =
o Number of Structures in the Floodplain e
l;: Type of Structure 100-Year Floodplain 500-Year Floodplain -
& Residential 0 21 !
, Commercial 0 0
. Public 0 Y &
- Total 0 21
. =
Flood Damages by Frequency .
;i' Exceedance Frequency 10-Percent 2-Percent l-Percent C.2-Percent N
.o (Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year)
' Residential 0 0 0 $217,000 3
<y Commercial 0 0 0 0
" Public 0 0 0 0 N
. Total 0 0 0 217,000
I
5 A
n‘.“ -
- Flood Elevations by Frequency
:l‘ Exceedance (Zero Damage) ;j
.ﬁ- Frequency 0.5-Percent 10-Percent 2-Percent 1-Percent O.2-Percent >
o Elevation 905.0 894.9 901.6 903.5 907.0 =
e N
o
;f' Average Annual Flood Damages and Benefits ts
§!~ Annual Damages $1,%00
L Annual Benefits of 100-Year Protection 0
b - Annual Benefits of 500-Year Protection 600
= |
'.\
1...
-
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Table 20 - Economic Summary for Oakport Township, Minnesota 51}

Community: Oakport Township
River: Red River of the North’
River Mile: 442,63

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain

Residential 18 258

Commercial 0 2

Public Y 0

Total 18 260 L

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent L
(Return Period) (10-Year)  (50-Year) (100-Year) (500-Year) 0

Residential 0 $62,000 $177,000 $3,620,000 .

Commercial 0 . 0 0 286,000 '

' Public 0 0 0 0

n .
g Total 0 62,000 177,000 3,906,000 =
o
Flood Elevations by Frequency :ixi
» '-:.:- r
- Exceedance (Zero Damage) N
e Frequency 2.5-Percent 10-Percent 2-Percent l-Percent 0.2-Percent Ay
S Elevation 894.0 887.0 894.6 896.0 898.7 RN
& KO0
S
if Average Annual Flood Damages and Benefits Pf:
_ Annual Damages $22,000 e
. Annual Benefits of 100-Year Protection 2,000 {{?
& Annual Benefits of 500-Year Protection 12,000 -
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Table 21 - Economic Summary for Moorhead Township, Minnesota

Community:
River:
River Mile:

Moorhead Township
Red River of the North
456.08

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain

Residential 18 29
Commercial 1 1
Public 0 0
Total 19 30

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent

(Return Period) (10-Year) (50-Year) (100-Year) (500-Year)

Residential $105,000 $362,000 $508,000 $877,000

Commercial 0 0 1,000 2,000

Public 0 0 0 0

Total 105,000 362,000 509,000 879,000
Flood Elevations by Frequency

Exceedance (Zero Damage)

Frequency 15-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation 892.5 893.2 900.2 902.2 906.2

Average Annual Flood Damages and Benefits

Annual Damages $34,000
Annual Benefits of 100-Year Protection 26,000
Annual Benefits of 500-Year Protection 32,000
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Table 22 ~ Economic Summary for Barnes Township, North Dakota i::.
Community: Barnes Township L
River: Red River of the North T
River Mile: 460.4 ?:n?
N
Number of Structures in the Floodplain ]
Type of Structure 100-Year Floodplain 500-Year Floodplain ﬁ;:!
Residential 15 50 2]
Commercial 2 8 .
Public 0 0 o
Total 17 58 e
Flood Damages by Frequency TR
e
Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent ﬁzg-
(Return Period) (10-Year) (50-Year) (100-Year) _(500-Year) e
\.' R
Residential $ 0 $226,000 $361,000 $1,549,000 B
Commercial 3,000 4,000 5,000 36,000 T
Public 0 0 0 0 AR
l:.“:‘:
Total 3,000 230,000 366,000 1,585,000 AN
e
Flood Elevations by Frequency litﬂ
- Exceedance (Zero Damage) -::S
X Frequency 10-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent OO
= Elevation 895.0 895.0 901.6 903.5 907.0 Rk
t'- ':;‘-‘tw
rf Average Annual Flood Damages and Benefits ]
£
Annual Damages $58,000
Annual Benefits of 100-Year Protection 48,000
' Annual Benefits of 500-Year Protection 53,000
b
&




Table 23 - Economic Summary for Stanley Township, North Dakota

Community: Stanley Township
River: Red River of the North
River Mile: 463.3

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 93 125
Commercial 0 0
Public 1 2
Total 94 127

Flood Damages by Frequency

:;iﬁ Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent
- (Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year)
Residential $162,000 $1,254,000 §2,307,000 $3,607,000

- Commercial 0 0 0 0
Public 0 0 2,000 16,000
Total 162,000 1,254,000 2,309,000 3,623,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 15-Percent 10-Percent 2-Percent 1l-Percent

Elevation 896.2 896.6 903.0 904.9

0.2-Percent

907.9

Average Annual Flood Damages and Benefits
g€ ge!

. Annual Damages $120,000

e Annual Benefits of 100-Year Protection 90,000
. Annual Benefits of 500-Year Protection 110,000
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o Flood Insurance and Floodplain Regulation - Flood insurance would

supplement primarily nonstructural flood control measures by helping
to reimburse the affected property owners for losses sustained from
flood damages. Floodplain regulations would be used in conjunction
with flood insurance to restrict future development in the
floodplain. This measure does not reduce flood damages in and of
itself. It does, however, afford the individual affected some
economic protection from flood loss by spreading losses over a large

group of persons.

Under the provisions of the regular Flood Insurance Program,
eligible communities are responsible for planning, adopting, and
enforcing local floodplain regulations. These regulations must
minimize future flood damages and may include (1) subdivision
regulations, (2) building codes, (3) zoning ordinances, and (4)
sanitary regulations. In addition, local governments are encouraged
to implement other floodplain management practices such as warning
signs, urban redevelopment, open space programs, and public
education programs. These ordinances and practices do not
necessarily preclude development in the floodplain but rather guide
the type and extent of future development permitted consistent with

the flood potential,

Flood insurance is presently available in the study area.
Information developed for this urban study will be useful and made
available for the Federal Emergency Management Agency (FEMA) to
update existing flood insurance studies at Fargo, North Dakota, and.

Moorhead, Minnesota.

o Flood Proofing and Floodplain Evacuation - This measure combines

permanent evacuation of improvements from the lowest portions of the
floodplain with flood proofing of the improvements in the remainder
of the floodplain. Floodplain evacuation would consist of permanent
evacuation, include acquisition of lands by purchase, removal of
improvements, and relocation of the population from these areas.

Flood proofing would consist of a combination of structural changes
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and adjustments to properties subject to flooding primarily for
reduction and elimination of flood damages. This measure may prove
feasible for individual structures but is not acceptable as a
" solution to flooding from economic and social well-being aspects for

the overall study area subject to flood damages.

Structural

Structural flood control alternatives were developed for the remaining
communities to the detail needed to vetermine economic feasibility.
Cost estimates were computed; and, based on the average annual cost and
the average annual damages prevented, a benefit-cost ratio was computed.
This analysis determined that of the communities considered in the final
screening, only Harwood =nd Rivertree Park had benefits exceeding the
cost of providing flood protectica. Pertinent information used in the
final screening process is summarized in tables 24 through 29 and

discussed in the following paragraphs.

Briarwood - Briarwood is located at river mile 464.4 along the left bank

of the Red River of the North. Damages were determined to begin at
approximately a 20-year flood and to increase for greater flood events.
The alternative developed for Briarwood would protect against floods up
to and including the l-percent exceedance frequency flood, with 3 feet
of freeboard. To provide Briarwood with this level of protection would
require a combination ring levee and floodwall encircling the community
with necessary interior flood control facilities., A portion of the
community is developed right to the bank of the river, making levees in
this portion difficult, if not impossible, to construct without some
channel relocation. A floodwall in this area (approximately 1,000 feet)

was determined to be less costly than necessary channel relocation.

There is an existing pond of approximately 3 acies of surface area, with
an undeveloped area around the pond. The total area is approximately 7
acres, including the pond. The total area protected with this plan
would be approximately 55 acres. In addition to the protected area,

another 425 acres outside the protected area drains through Briarwood
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Table 24 - Economic Summary for Briarwood, North Dakota

Community: Briarwood
River: Red River of the North
River Mile: 464.40

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 19 20
Commercial 0 0
Public 0 2
Total 19 20

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent 1l-Percent 0.2-Percent
(Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year)
Residential 0 $204,000 $1,091,000 $1,916,000
Commercial 0 0 0 0
Public 0 0 0 0
Total 0 204,000 1,091,000 1,916,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 5-Percent 10-Percent 2-Percent l-Percent

Elevation 900.1 897.6 904.2 905.9

0.2-Percent

908.8

Average Annual Flood Damages and Benefits

Annual Damages $24,000
Annual Benefits of 100-Year Protection 12,000
Annual Benefits of 500-Year Protection 20,000

Net Benefits

Benefits $12,000

Costs 71,000

Benefit-Cost Ratio 0.17

Net Benefits -59,000
53
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and into the pond created by blocking the normal flow of the ditch.
Final design would require normal runoff during normal Red River
conditions to flow through the line of protection. During heavy rains
or blocked gravity conditions caused by high levels on the Red River,
the flow from the 425 acres would be diverted to the Red River along the
line of protection. A small pumping station and gravity outlet would be
required to handle interior runoff. The cost of this plan as described
would be $1,100,000. As presented in table 24, this plan results in
average annual benefits of $12,000 compared to costs of $71,000,
resulting in a benefit-cost ratio of 0.17. Federal participation for

flood control at Briarwood is not economicaliy justified.

North River - North River, North Dakota, is at river mile 437.5 along
the west bank of the Red River of the North. The areas subject to flood
damages are separated by County Highway 8l. Damages were determined to
begin at a flood having an exceedance frequency of 3 percent. About 20
homes in the area west of County Highway 81 and about 24 homes in the
area east of the highway are subject to flooding. The plan developed
for North River includes a levee around the area east of Highway 81 and
a levee around the area west of the highway. The section of highway
along the west part of the community would need to be raised to serve as
the levee along the river. The total road raise would be about 2,500
feet. The highway runs right along the left bank of the river in a
portion of this reach that would require several hundred feet of channel
relocation because of foundation problems associated with construction
of the levee along the riverbank. The homes east of the highway are
constructed within 25 feet of the slope to the channel, which would make
a levee in this area extremely difficult. It was assumed, however, that
a levee in this reach along the slope would be possible for this stage

of study.

The total cost of providing protection for these two areas of North
River for floods up to and including the l-percent exceedance frequency
flood with 3 feet of freeboard as described would be $1,360,000. As
presented in table 25, this plan results in average annual benefits of

$11,000 compared to costs of $114,000, resulting in a benefit-cost ratio
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Table 25 - Economic Summary for North River, North Dakota
Community: North River

River: Red River of the North
River Mile: 437.63

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 29 44
Commercial 0 0
Public 0 Y
Total 29 44

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent
(Return Period) (10-Year)  (50-Year) (100-Year) (500-Year)
Residential 0 $650,000 $734,000 $1,249,000
Commercial 0 0 0 0
Public 0 0 0 0
Total 0 650,000 734,000 1,249,000

Flood Elevations by Frequency

Exceedance (Zero Damage) }2&{
Frequency 3-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent ﬁgg;

. =
Elevation 889.5 884.7 892.5 893.5 895.5 ?\i

Average Annual Flood Damages and Benefits

Annual Damages $21,000
Annual Benefits of 100-Year Protection 11,000
Annual Benefits of 500-Year Protection 18,000

Net Benefits

Benefits $ 11,000

Costs 114,000

Benefit-Cost Ratio 0.10

Net Benefits -103,000
55
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of 0.10. Federal participation for flood control at North River is not

economically justified.

Reile's Acres - Reile's Acres is about 2.5 miles east of the Sheyenne

River and 1 mile west of Interstate Highway 29. Actual flood elevations
for various frequency floods are difficult to determine because of the
levee effects of the existing road systems. Profiles developed along -
the Sheyenne River are based on the flood-confinement effect of the road :
system. As the flood elevations rise, the roads become overtopped. A
series of roads must be overtopped before Reile's Acres becomes .
threatened. In the Reile's Acres flood problem analysis, a conservative
approach was taken to determine project feasibility. Under this
approach, damage would begin at a flood with a 6.7-percent exceedance

frequency. The plan developed would provide protection for the 50

YR

structures in the community against floods up to and including the 1-
percent exceedance frequency flood with 3 feet of freeboard. The plan o
consists of a levee completely encircling the community with necessary .
interior flood control facilities to handle interior runoff. The road

along the east side of the protected area is sufficiently high so that A
the levee could tie into it with only minor modi%ications to the road. i
The total cost of this plan as described would be $670,000. As
presented in table 26, this plan results in average annual benefits of
$36,000 compared to costs of $56,000, resulting in a benefit-cost ratio 2!
of 0.64, Federal participation for flood control at Reile's Acres is

not economically justified. -

Brooktree Park - Brooktree Park is along the left bank of the Sheyenne

River downstream of Interstate Highway 29. The flood elevations by
flood frequency presented in table 27 refer to the Sheyenne River at the
mouth of the Maple River. This information was obtained from the
Sheyenne River report. The plan developed for Brooktree Park would
provide protection for floods up to and including the l-percent
exceedance frequency flood with 3 feet of freeboard. To provide
Brooktree Park with this level of protection would require a levee
encircling the community, 1,200 feet of channel relocation, and ﬁj

necessary interior flood control facilities. Because a portion of the
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Table 26 - Economic Summary for Reile's Acres, North Dakota

Community: Reile's Acres
River: Sheyenne River

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 49 49
Commercial 0 0
Public 1 1
Total 50 50

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2 Percent 1-Percent 0.2-Percent
(Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year)
Residential 0 $1,240,000 $1,662;000 $1,848,000
Commercial 0 0 0 0

Public 0 0 0 1,000
Total 0 1,240,000 1,662,000 1,849,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 6~Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation 888.0 886.1 891.0 892.0 893.0

Average Annual Flood Damages and Benefits

Annual Damages $53,000
Annual Benefits of 100-Year Protection 36,000
Annual Benefits of 500-Year Protection 49,000

Net Benefits

Benefits $36,000

Costs 56,000

Benefit-Cost Ratio 0.64

Net Benefits -20,000
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Table 27 - Economic Summary for Brooktree Park, North Dakota

Community: Brooktree Park
River: Sheyenne River

Number of Structures in the Floodplain

Type of Structure

Residential
Commercial
Public

Total

100-Year Floodplain 500-Year Floodplain

31 34

0 0
-0 0
31 34

Flood Damages by Frequency

Exceedance Frequency
(Return Period)

Residential
Commercial
Public

Total

10-Percent 2-Percent 1-Percent 0.2-Percent
(10-Year) (50-Year) (100-Year) (500-Year)

$252,000 $692,000 $755,000 $843,000
0 0 0 0
0 0 0 0

252,000 . 692,000 755,000 843,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 33-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation¥* 890.0

894.0 898.0 900.4 903.3

* Elevation relates to the elevation frequency curve at the mouth of the
Maple River (see plate 20).

Average Annual Flood Damages and Benefits

Annual Damages $73,000
Annual Benefits of 100-Year Protection 61,000
Annual Benefits of 500-Year Protection 66,000
Net Benefits
Benefits $61,000
Costs 94,000
Benefit-Cost Ratio 0.65
Net Benefits -33,000
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Study Cost Estimate - Table 35 presents study cost estimates for a

reconnaissance study and a detailed project study. The reconnaissance
study would examine the plan identified at Harwood in sufficient detail
to enable the selection of a final alternative. The detailed project
study would resolve all technical problems of the selected alternative

so that the project would be ready for final plans and specificationms.

Table 35 - Costs for Additional Studies, Harwood

Reconnaissance Detailed
Study Project Study
Preliminary Planning and Public Contacts $ 5,000 $ 10,000
Hydrology and Hydraulic Studies 10,000 20,000
Surveys, Mapping, and Foundation Design 15,000 20,000
Design and Cost Estimates 2,000 30,000
Environmental and Cultural Studie= 3,000 6,000
Socioeconomic Studies 12,000 10,000
Real Estate 2,000 3,000
Fish and Wildlife Service Participation 1,000 3,000
Report Preparation 5,000 8,000
Supervision and Administration 5,000 8,000
Total Study Cost 60,000 118,000
RECOMMENDATIONS

Based on the results of the flood control investigations, I recommend

that:
o The communities of Harwood and Rivertree Park, North Dakota,
consider requesting that the Corps of Engineers conduct detailed

studies of flood damage reduction measures.

o All communities in the study area adopt/enforce sound floodplain

management practices that would minimize future flood damages.
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Table 34 - Preliminary Cost Estimate, Selected Plan at Harwood

Item Units Amount Unit Price Total Cost

Ponding Area
Stripping C.Y. 3,200 1.50 $ 4,800
Excavation c.Y. 32,000 1.80 57,600
Topsoiling c.Y. 3,200 1.75 5,600
Seeding Acres 4 800 3,200

Borrow Area

Stripping and Replacing L.S. 5,000
Levee
Stripping c.Y. 8,200 1.80 14,800
Inspection Trench L.F. 11,000 5.00 55,000
Embankment Fill c.Y. ' 50,000 4,00 200,000
Topsoiling C.Y. 8,200 2,00 16,400
Seeding Acres 15 800 12,000
Road Ramps L.S. 36,000
Discharge Ditch L.S. 12,000
Interior Drainage L.S. 300,000
Contingencies 144,630
Estimated Construction Cost 867,000
Engineering and Design 139,000
Supervision and Administration 69,000
Real Estate Requirements 125,000
Total Project Estimate 1,300,000
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Environmental Considerations - The immediate

impact area offers

The land

relatively little in the way of wildlife habitat. use is

entirely residential and agricultural. Vegetation consists of
cultivated crops and residential trees, shrubs, and grass. Wildlife use
would include squirrels, song birds, Hungarian partridge, and other

species utilizing residential areas and roadsides.

It appears that the levees at Harwood would cause very little impact.
The levees would either consist of road raises or earth levees in
agricultural fields. Some roadside ditches could be lost but it is

unlikely that any woodlands or wetland vegetation would be affected.

A detailed evaluation and environmental assessment, including an
evaluation of the parameters discussed in Section 122 of the 1970 Rivers
and Harbors Act, would be prepared in future studies. Documentation
required by the National Environmental Policy Act, Clean Water Act, Fish
and Wildlife Coordination Act, and c£ndangered Species Act would also be
prepared at that time. The U.S. Fish and Wildlife Service has been
contacted concerning the potential project at Harwood, and their
concerns. have been incorporated.

1985,

A copy of their planning aid letter

dated February 20, is included at the end of this report.

Cultural Resources Considerations - The discussion on cultural resources

for Harwood was included in the Rivertree Park discussion on page 66.

Economic Analysis - As summarized in table 33, the plan identified for

The

flood control at Harwood results in a benefit-cost ratio of 3.3.
analysis performed and the results presented in this report indicate
that there is good potential for an economically feasible and
environmentally acceptable plan and that more detailed studies are

warranted under the Corps of Engineers Section 205 authority.

Project Cost Estimate - A preliminary cost estimate was made for the

selected plan at Harwood (see table 34).
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Table 33 - Economic Summary for Harwood, North Dakota

Community: Harwood
River: Sheyenne River

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 75 87
Commercial 5 6
Public 1 2
Total 81 95

Flood Damages by Frequency

Exceedance Frequency 10-Percent 2-Percent l-Percent 0.2-Percent
(Return Period) (10-Year) (50-Year) (100-Year) (500-Year)
Residential $1,653,000 $2,430,000 $2,700,000 $3,230,000
Commercial 75,000 105,000 396,000 472,000
Public 2,000 2,000 4,000 16,000
Total 1,730,000 2,537,000 3,100,000 3,718,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 30-Percent 10-Percent 2-Percent 1-Percent

Elevation* 890.0 894.0 898.0 900.4

* Elevation relates to the elevation frequerty curve at the
Maple River (see plate 20).

0.2-Percent

903.3

mouth of the

Average Annual Flood Damages and Benefits

Annual Damages $404,
Annual Benefits of 100-Year Protection 332,
Annual Benefits of 500-Year Protection 363,

000
000
000

Net Benefits

Benefits $332,000

Costs 100,000

Benefit-Cost Ratio 3.3

Net Benefits 232,000
69
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Study Cost Estimate -~ Table 32 presents study cost estimates for a

reconnaissance and a detailed project study. The reconnaissance study
would examine the plan identified at Rivertree Park in sufficient detail
to enable the selection of a final alternative. The detailed project
"study would resolve all technical problems of the selected altermative

so that the project would be ready for final plans and specifications.

™

Table 32 - Costs for Additional Studies, Rivertree Park e :
Reconnaissance Detailed .. :

Study Project Study ;; ;

Preliminary Planning and Public Contacts $ 5,000 $ 10,000 l
Hydrology and Hydraulic Studies 10,000 20,000 é: k
Surveys, Mapping, and Foundation Design 15,000 20,000 - Q
Design and Cost Estimates 2,000 30,000 ;5 é
Environmental and Cultural Studies 3,000 6,000 - !
Socioeconomic Studies 12,000 10,000 -
Real Estaie 2,000 3,000 - ]
Fish and Wildlife Service Participation 1,000 3,000 o
Report Preparation 5,000 8,000 fi ‘
Supervision and Administration 5,000 8,000 E
Total Study Cost 60,000 118,000 :

“alg

Harwood

Pertinent information for Harwood is summarized in table 33, The plan

oo
KRN, |

selected at Harwood (plate 11) consists of levees, road ramps, and

interior flood control facilities. The levee would have a total length

L

of approximately 11,000 feet and would basically encircle the entire
community. Two road ramps would be needed where the levee crosses o

existing roads as shown on plate 11. Interior flood control facilities

would be required consisting of an excavated ponding area, gravity
outlet, small pumping station, and interior ditches and necessary t
RS
culverts to convey the interior runoff to the ponding area. A discharge o :
‘.

ditch would be needed to convey the interior runoff from the outlet to

an existing coulee leading to the Red River of the North.
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environmentally acceptable plan and that more detailed studies are -~
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VNN
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warranted under the Corps of Engineers Section 205 authority. L

Project Cost Estimate - A preliminary cost estimate was made for the

selected plan at Rivertree Park (see table 31).

Table 31 - Preliminary Cost Estimate, Selected Plan, Rivertree Park

Item Units Amount Unit Price Total Cost ‘.if
Excavation Material C.Y. 24,600 2.50 $ 61,500 o
Channel Fill c.Y. 24,600 1.00 24,600 e
Embankment Fill C.Y. 57,800 2.00 115,600 -
Stripping -_-3%

(Side Bank and Levee) c.Y. 200 1.80 360 i}f}
Clearing and Grubbing Acres 5 1,500 7,500 L
Lo
Ponding Area t{;f
Stripping c.Y. 1,800 1.50 2,700 ad
Excavation C.Y. 18,000 1.80 32,400 -
Topsoiling Cc.Y. 1,800 1.75 3,150 R
Seeding Acres 2.25 800 1,800 :,';:-;-.}
‘r.’_.’
Levee :ﬁ»}i
Stripping c.Y 6,000 1.80 10,800 -z
Inspection Trench L.F. 6,600 5.00 33,000 |
Embankment Fill c.Y. 36,000 4.50 162,000
Topsoiling c.Y. 6,000 2.00 12,000
Seeding Acres 12 800 9,600
Borrow Area
Stripping and Replacing L.S. 9,000
Road Raises and Ramps
Fill c.Y. 3,600 5.00 18,000
Pavement Removal L.S. 2,000
Pavement L.S. : 50,000
Topsoil C.Y. 120 4.00 360
Seeding L.S. 500
Interior Flood Control L.S. 250,000
Contingenciles 161,130
Estimated Construction Cost 968,000
Engineering and Design 155,000
Supervision and Administration 77,000
Real Estate Requirements 100,000
Total Project Estimate 1,300,000
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concerns have been incorporated. A copy of their planning aid letter ?i
dated February 20, 1985, is included at the end of this report. .

wt
Cultural Resources Considerations - A cultural resources reconnaissance )
of the Rivertree Park and Harwood communities was conducted by the Corps o
of Engineers in 1977 as part of the Sheyenne River study. A site (32- -
CS-205) was located in the vicinity of Harwood. The site is an open >

site of Woodland affiliation. Ceramic material located at this site is
similar to Sandy Lake Ware from northcentral Minnesota, which places the
site in a Late Woodland context dating to 1000-300 B.P. (before

present).

A cultural resources records check was made in December 1984 with the

North Dakota Historic Preservation Office. Two additional sites have

also been recorded within the State's site files: the Harwood townsite
and a school noted on an 1884 atlas. Both of these historic sites are ‘.
in the immediate vicinity of present-day Harwood and Rivertree Park. {:
In accordance with Section 106 of the National Historic Preservation Act i}
of 1966, as amended, the National Register of Historic Places has been
consulted. As of November 22, 1984, no properties listed on or :ﬁ
determined eligible for the National Register will be affected by the &
proposed levees at Rivertree Park and Harwood. 3
-~
The three sites within the Rivertree Park and Harwood areas may be -
affected by construction of flood control alternatives. Further studies :%
for flood control at these locations should include a survey for -
archeological and historic resources. A preliminary architectural ?3
survey should be conducted to determine whether there are extant -
structures such as the Harwood townsite and the old school. -
Economic Analysis - As summarized in table 30, the plan identified for
flood control at Rivertree Park results in a benefit-cost ratio of 1.63.
The analysis performed and the results presented in this report indicate
that there is good potential for an economically feasible and E;
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beaver, deer, raccoon, squirrel, hawks, and other species. The Sheyenne
River itself provides local fishing and canoeing opportunities. During
wet portions of the year, there may be temporary wetlands in some

agricultural fields.

The impacts of a local flood control project at Rivertree Park would be
greater than at Harwood, but still would not be significant. Although
portions of the levee would be placed in agricultural lands, up to 8
acres of floodplain/residential woodland could be lost, depending on
final levee alignment. It appears that a temporary wetland north of the

subdivision could be avoided.

The project also involves about 800 feet of channel work consisting of
channel relocation and embankment fill on the right bank. This work is
necessary because residential development is very close to the
riverbank. The disruption of the floodplain forest and loss of
vegetation would affect terrestrial and aquatic values and aesthetic
qualities. Because woodlands are an important resource in this portion

of North Dakota, their loss should be minimized as much as possible.

To minimize or mitigate environméntal losses, certain features should be
included with the project: (1) the bottom width of the new channel
should be the same size #: the natural channel in this area so that fish
passage would not be impeded during low flow; (2) where appropriate, the
levee should be reseeded with native grasses to provide nesting habitat;
and (3) the loss of floodplain woodlands should be mitigated by

replanting at a rate of 2 for 1.

A detailed evaluation and environmental assessment, including an
evaluation of the parameters discussed in Section 122 of the 1970 Rivers
and Harbors Act, would be prepared under future studies. Documentation
required by the National Environmental Policy Act, Clean Water Act, Fish
and Wildlife Coordination Act, and Endangered Species Act would also be
prepared at that time. The U.S. Fish and Wildlife Service has been

contacted concerning the potential project at Rivertree Park, and their
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Table 30 - Economic Summary for Rivertree Park, North Dakota )

: Community: Rivertree Park _ F’

: River: Sheyenne River '

i Number of Structures in the Floodplain }?

n Type of Structure 100-Year Floodplain 500-Year Floodplain

Ll

o Residential 60 61 =
T Commercial 0 0
9 2

S Public

. Total 60 61 s

Flood Damages by Frequency

e Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent ;ﬁ
ir' (Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year) -
: Residential $650,000 $1,430,000 $1,500,000 $1,670,000 \‘
Commercial 0 0 0 0 <
Public 0 0 0 0
Total 650,000 1,430,000 1,500,000 1,670,000 ?i
Flood Elevations by Frequency
Exceedance (Zero Damage) b |
5 Frequency 30-Percent 10-Percent 2-Percent 1-Percent 0.2-Percent o)
N4 )
;?3 Elevation¥* 890.0 894.0 898.0 900.4 903.3 v
A i
- )
;:% * Elevation relates to the elevation frequency curve at the mouth of the o
a Maple River (see plate 20).
i;j Average Annual Flood Damages and Benefits )
kj? Annual Damages $212,000 tt
'.' Annual Benefits of 100-Year Protection 178,000 =
S Annual Benefits of 500-Year Protection 190,000
[
:j; Net Benefits
SOES -,
Benefits $178,000 -
' Costs 109,000 “
Benefit-Cost Ratio 1.63 .
Net Benefits 69,000 .
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" River and the Red River of the North. Flooding at Harwood is influenced

by conditions on the Sheyenne River and the Red River of the North.

PLANS SELECTED

An alternative plan was developed for each of the two communities that
mn would provide protection for floods up to and including the l-percent
exceedance frequency flood. A higher level of protection may be
recommended during more detailed studies that could be performed under

T the Section 205 authority.

Rivertree Park

Pertinent information for Rivertree Park is summarized in table 30. The

plan selected at Rivertree Park (see plate ll1) consists of levees, a
ot road raise, channel relocation, and interior flood control facilities.
o The levee would have a total length of approximately 6,600 feet around
) the west, north, and east sides f the community. County Road 22 along
" the south side of Rivertree Park would be raised for a total length of
about 700 feet that would serve as a flood barrier. Development just
iﬁ: north of Couﬁty Road 22 has occurred along the right bank of the river.
. Because of foundation problems associated with construction of a levee
or floodwall in this reach, channel relocation would be needed. The
L modifications would consist of approximately 800 feet of channel
relocations starting at the bridge and embankment fill for the same
tf distance along the right bank to provide the necessary room for a levee.
-
N Interior flood control facilities would be required. These facilities
) consist of an excavated ponding area, a gravity outlet, a small pumping
Q% station, and interior ditches and culverts.
v
b Environmental Considerations - Land use in this area consists of the
t; natural floodplain forest along the Sheyenne River, residential areas,
. and cultivated cropland. The floodplain forest is very valuable in this
i; area because it represents a large portion of the wildlife habitat in an ‘
area that is about 90 percent agricultural., Wildlife use includes };
=~ {ik
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o The flooding in these communities occurs in a long narrow strip

along the river. This damage strip measured from north to south is
approximately 7 miles for Fargo and 5 miles for Moorhead. The
actual river miles are much greater. Protection would therefore

require extremely long levees and/or floodwalls at high cost.

o The area is relatively flat and does not provide high ground to tie
into. Therefore protection from larger floods would require the
entire urban area to be more or less ringed by a combination of

levees, floodwalls, and road raises.

o Major developments occur up to the banks of the river, making levee
placement extremely difficult. Foundation problems associated with
placement of levees along the riverbank would require costly
relocations of structures to allow for necessary setback for the

levees, floodwalls, and possible channel modifications.

Because the costs of providing necessary flood protection at Fargo and
Moorhead would greatly exceed the damages prevented, Federal

participation in flood control is not economically justified.

PROJECTS THAT DEMONSTRATE ECONOMIC FEASIBILITY

Flood protection for the communities of Rivertree Park and Harwood
showed benefit-cost ratios greater than 1.0 (benefits derived from
construction of a project exceed the cost). Because construction costs
are relatively low, additional more detailed studies may be conducted
under the Corps of Engineers Section 205 Small Project Program, which
provides a quicker process to construction than other Corps of Engineers

programs.

Rivertree Park is between the Sheyenne River and Interstate 29 and is
subject to recurring flooding from the Sheyenne River, The backwater
effect from the Red River of the North influences the levels along the
Sheyenne River at Rivertree Park. Harwood is east of Rivertree Park on

the east side of Interstate 29 within the floodplain of the Sheyenne

62

e

)
]

i

AN
- ¢

i
vt

-t

7y

“AAY




Lt i s et i el “EdC il S S A ~ - I i i i e apvalt Satd BT Ih B N B e A0 Ao sl penn I i SrSem e A i b aaCib s el b A i Syoiods T b i - i Sl Bak et Sler e augy’ of _r-"u

G

Table 29 - Economic Summary for Moorhead, Minnesota

Community: Moorhead
River: Red River of the North
River Mile: 452.92

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 244 673
Commercial 5 9
Public 5 5
Total 254 687

Flood Damages by Frequency
Exceedance Frequency 10-Percent 2-Percent 1-Percent 0.2-Percent
(Return Period) (10-Year)  (50-Year) (100-Year) _(500-Year)
Residential $4,000 $2,555,000 $4,845,000 $13,754,000
Commercial 0 40,000 72,000 100,000
Public 2,000 2,000 3,000 3,000
Total 6,000 2,597,000 4,920,000 13,857,000

Flood Elevations by Frequency

Exceedance (Zero Damage)

Frequency 12-Percent 10-Percent 2-Percent 1l-Percent O0.2-Percent
Elevation 891.5 891.7 899.0 901.0 905.2
E Average Annual Flood Damages and Benefits
Annual Damages $264,000
P Annual Benefits of 100-Year Protection 144,000
[ Annual Benefits of 500-Year Protection 238,000
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Table 28 - Economic Summary for Fargo, North Dakota

Community: Fargo
River: Red River of the North
River Mile: 452.92

Number of Structures in the Floodplain

Type of Structure 100-Year Floodplain 500-Year Floodplain
Residential 494 2,840
Commercial 11 19
Public 10 12
Total 515 2,871

Flood Damages by Frequency_

Exceedance Frequerncy 10-Percent 2-Percent l-Percent 0.2-Percent
(Return Period) (10-Year) (50-Year) (100-Year) (500-Year)
Residential $202,000 $3,980,000 9,171,000 $93,009,000
Commercial 10,000 26,000 57,000 80,000
Public 0 2,000 6,000 24,000
Total 212,000 4,008,000 9,234,000 93,113,000

Flood Elevations by Frequency

Exceedance (Zero Damage)
Frequency 20-Percent 10-Percent 2-Percent 1-Percent O0.2-Percent

Elevation 888.0 891.7 899.0 901.0 905.2

Average Annual Flood Damages and Benefits

Annual Damages $700,000

Annual Benefits of 100-Year Protection 240,000

Annual Benefits of 500-Year Protection 550,000
60
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community is developed right on the bank of the slope to the river,
channel relocation is necessary to allow a line of protection between
the community and the river. The cost of this plan as described would
be $1,100,000. As presented in table 27, this plan results in average
annual benefits of $61,000 compared to costs of $94,000, resulting in a
benefit-cost ratio of 0.65. A second alternative was developed that
assumed a floodwall could be constructed along portions of the river,
thereby eliminating the channel relocation. The cost of this plan would
be $911,000, with a benefit-cost ratio of 0.80. Federal participation

for flood control at Brooktree Park is not economically justified.

Fargo-Moorhead - Damage calculations for Fargo and Moorhead were divided

into 13 and 5 reaches, respectively. This division was done because
flooding to these communities occurs in a long narrow strip along the
river in which individualized protection might be possible. The
information provided in tables 28 and 29 for Fargo and Moorhead,

respectively, is presented in combined form.

As summarized in the tables, major damages occur for the more infrequent
floods. When these damages are amortized on an annual basis, the annual
damages at Fargo and Moorhead would be $700,000 and $264,000,
respectively. Providing l-percent exceedance frequency flood protection
would result in annual benefits of $350,000 at Fargo and $144,000 at
Moorhead. In order to have an economically feasible project, the
maximum allowable project costs could be $2,900,000 at Fargo and
$1,700,000 at Moorhead, assuming an interest rate of 8-3/8 percent and
October 1984 price levels. The amortization factor for this interest

rate and a project life of 100 years is 0.08378.

Because of the following reasons, feasible alternatives could not be

identified for Fargo and Moorhead:

o The floodplain in the Fargo-Moorhead urban reach is very constricted
and damages are relatively limited except for extremely infrequent
events that overtop the secondary bank; thus, damages on an annual

basis are not that great.
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o Hydrologic, hydraulic, and topographic information developed during
the study be used by the Federal Emergency Management Agency (FEMA)
to update existing flood insurance studies for Fargo and Moorhead to

- : include a revised floodway through the urban area.

o Hydrologic, hydraulic, and topographic information developed during
the urban study be used by local communities (with assistance from
appropriate county, State, and Federal agencies) for purposes such
as preparing emergency flood fight plans, designing bridges, and

determining in-stream storage for water supply/conservation.

-

, >

T T
G Ly Xepr
Edward G. Rapp

Colonel, Corps of Engineers
District Engineer
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PLARNING AID LETTER
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
1500 CAPITOL AVENUE
BISMARCK, NORTH DAKOTA 58501

FEB 2 0 1985

Colonel Edward G. Rapp. District Engineer
St. Paul District, Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

This planning aid letter provides our preliminary views on the levee study for
the communities of Rivertree Park and Harwood. The study has evolved from the
Fargo-Moorhead Urban Water Resources Study.

Our comments provide technical assistance to aid the Corps in the development of
a study plan. Our comments do not constitute the report of the Secretary of the
Interior pursuant to Section 2(b) of the Fish and Wildiife Coordination Act, nor
do they represent the review comments of the Department of the Interior on any
forthcoming environmental statement.

Rivertree Park and Harwood are located in esstern Cass County (Figure 1),
immediately on the east side of the Sheyenne River and 1 1/4 miles upstream from
the confluence with the Rush River. About 2 1/2 miles to the east is the Red
River of the North. The two communities are apparently vuinerable to flooding
from the overtopping of these rivers and their tributaries., This can be caused
by a number of variables which include snowmelt, rainfall, wetland drainage and
intensive land-use practices.

The Red River has a 20 to 50-foot wide channel that winds through the lake plain
of the extinct glacial Lake Agassiz. North Dakota’s part of the lake plain is
about 35 miles wide. Recorded flows for the Red River near Rivertree Park and
Harwood average 554 cfs or 401,400 acre-feet per year with a recorded peak
discharge over 25,000 cfs, or about 50,000 acre-feet in 1 day.

The Rush River empties into the Sheyenne River about 6 miles before the latter’s
confluence with the northward flowing Red River. Recorded fiows for the Rush
River near Amenia average 9.07 cfs or 6,570 acre-feet per year with a recorded
peak discharge of 3,490 or 6,920 acre-feet in 1 day. Flows in the Sheyenne
River at West Fargo average 172 cfs or 125,600 acre-feet per year with a
recorded peak discharge of 3,480 cfs or 6,900 acre-feet in 1 day.

A combined population of 441 people 1ive in Rivertree Park and Harwood. About §
miles to the south is the combined Fargo and West Fargo urban population of
71,407. This accounts for more than 70 percent of the total Cass County
population.
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The climate in the area of the two communities 1s a subhumid to humid
continental type with relatively warm summers and cold winters. Temperatures
may range from -40~ F to 104~ F. The mean length of the freeze-free period is
132 days. Annual mean precipitation is 20.78 1inches.

The soil of the area is Fargo clay locally known as gumbo. Crops best grown in
the soil include wheat, barley, flax, rye, alfalfa, sweet clover and corn.
Potatoes do fairly well on the better-drained areas, especially in rather dry
years.

Much of the flat lake plain near the two communities was historically
predominated by wetlands having shallow water regimes. The surfaces of many
wetlands seldom held water but were saturated throughout their substrate. Other
commonly occurring wetlands were seasonally and semipermanently flooded. For
many years wetland drainage has increased the amount of land in cultivation in
the lake plain. This trend has nearly ceased since most of the land in the lake
plain is now drained and being used for agricultural purposes.

Our analysis of the study area was aided by aerial imagery and a map and
description of the project feature> provided by members of your staff in the St.
Paul District. Figure 2 depicts the project features and Table 1 describes the
proposed levees and channel work.

Table 1. Proposed channel work in the Sheyenne River and
levees around Rivertree Park and Harmood.

Channel Levee Bottom
Wor k Length Width Area
Community (feet) (feet) (feet) (acres)
Rivertree Park 800 6,600 50 7.6
Harwood -— 11,000 50 12.6

A description of the fish and wildlife resources in the study area was provided

to the Corps in our letter of October 12, 1983. This includes our discussion of
the two Federally l1isted threatened and endangered species that may occasionally
be found within the study area. They are the bald eagle and peregrine falcon.
This was followed by an evaluation of the study area’s various cover types using
the "U.S. Fish and Wildlife Service’s Mitigation Policy" (Federal Register;
January 23, 1981).
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Tahle 2 outlines the cover types of the total 203 acres inside the boundaries of
the proposed levees, An 8-acre, semipermanently flooded, oxbow wetland lie:
Jjust outside the northwest tip of the Rivertree Park levee. Southwest of the
levee, BOO feet or about 3 acres of the Sheyenne River channel will be
relocated.

Table 2. Acreage of cover types in the area of the proposed
project features.
Urban and Native Tame/Pasture
Study Area Built-up Land hoodland Cropland Hayland
Rivertree Park 35 - 8 20 25
Harwood 50 - 30 35
Total Acres 85 8 50 60

PROBLEMS AND NEEDS
Fish

The Rush River and Red River of the North are not expected to be directly
impacted by project plans for the study area; nevertheless, they do have
problems and needs that local, State and/or Federal interests will eventually
have to address. Channel work and levee construction around Rivertree Park are
the obvious direct impacts to the Sheyenne River.

Ma jor sources of industrial pollution in the Red River are food processors:
sugar beet refineries, potato processors, poultry and meat packers, and milk,
cream and cheese processors. The major waste treatment problems are those of
the sugar beet and potato processors. These wastes are produced seasonally at
times of Tow stream flow and Jow biological activity caused by winter. Sugar
wastes that reach the river at times of low flom will cause concentrations of
pollutants and a reduction in dissolved oxygen.

Nonpoint sources of pollution come mainly from agriculture. Runoff from
farmiands and l1ivestock feedlots add high nutrient levels of orthophosphates,
ammonia, nitrite and nitrate nitrogen. These additional nutrients cause a heavy
organic content and contribute to possible stagnation during low fiow. The
resultant oxygen depletion could be fatal to desirable fish species and other
aquatic life.

Water quality in the Rush River has been seriously degraded by agricultural
runoff and intermittent fiows. Dissolved oxygen concentrations are depleted
during low flow periods. Streambank clearing and channelization in much of the
river has reduced the productivity of its aguatic habitat.
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Low flows, municipal and industrial effluent, and agricultural runoff degrade

the water quality of the Sheyenne River and impair fish propagation. The

Sheyenne normally has insufficient flows during late summer and fall to meet the
minimum requirements for aquatic 1ife. Low flow periods reduce the river’s

capacity to assimilate wastes. At this time municipal effluent and feedlot el
runoff can cause serious bacterial pollution. Combination of the two situations
produces low dissolved oxygen concentrations in the river. b

LN KX N

Information on the water gquality in the three rivers near Rivertree Park and
Hardwood needs to be updated. This would aid in identifying pollutants that
1imit or threaten fish resources. Ways to correct water quality problems that
are harming aquatic 1ife could then be studied and, if feasible, acted on.

The control of nutrients in runoff entering all three rivers would require
changes i1n the land-use practices of upstream watersheds. Applications of
fertilizers on lands adjacent to the rivers are a source of high nutrient levels
picked up in runoff flows entering the rivers,

Water and wind erosion of farmland has caused sedimentation problems in the
rivers. Turbidity levels are unacceptable in many reaches of the rivers.

Bottom substrates have been silted over, reducing the productivity of habitat
and the species composition of aquatic 1ife. Land treatment measures need to be
implemented that would help retain soil and water on the land and retard runoff
and silt deposition into the rivers.

Wildlife

The clearing of trees, intensive drainage of wetlands and the conversion of

woodlands, grasslands and other wetlands to other land uses have significantly
reduced these habitat types. The effect has been detrimental on wildlife

resources and decreased both the population densities and species diversity in
the study area.

Narrow strips of tre~s and shrubs along the Sheyenne River, the Red River and
their tributaries essentially provide the only remaining habitat suitable for

wildlife. Agricultural and urban encroachment into many places of these green
corridors have caused the removal of riparian plants almost to the water’'s edge.

Continual destruction and degradation of remaining habitat will result in the
eventual elimination of the basic 1ife requirements necessary for wildiife
survival. As such, woodland, grassland and wetland areas have significant
wildlife values that can be reestablished, restored or enhanced within the study
area,




DATA DEFICIENCIES AND NEEDED STUDIES

These have been identified in Fiscal Year 1984 in our comments on your Phase I
report of the Fargo-Moorhead Urban Water Resources Study.

PLAN FORMULATION

A combination of nonstructural and structural measures need to be considered to
resolve the urban fiooding problems in the Fargo-Moorhead study area. Structural
measures may prove the quickest solution to a flooding problem but do not address
such flood enhancement causes as wetland drainage, channelization and the removal
of riparian habitat. We, therefore, encourage the following measures to help
reduce flooding problems for such communities as Rivertree Park and Hardwood:

© Establish buffer areas and curtai) residential, commercial or other
development in flood plains.

Maintain existing riparian vegetation along streams to preserve
exjsting wildlife habitat, help control wind and streambank erosion,
retain the soil on the land, and reduce tre amount of sediment,
nutrients and other pollutants from entering waterways.

Maintain grassed waterways and eliminate stream channelization
practices (straightening, deepening or widening) which provide only
localized flood protection while moving floodwaters downstream for
other areas to contend with.

Establish vegetation windbreaks adjacent to streams (greenbelts) and

in other appropriate areas to reduce erosion and help to retain the
soil on the land.

Determine the feasibility of installing water control structures on
existing culverts so that water can be retained in existing drainage
ditches for a longer period of time during critical runoff periods to
.minimize flooding 1n downstream areas.

Determine the feasibility of "on-farm storage" where runoff would be
controlled on each section of land by utilizing natural storage
areas, culvert sizing or placing control structures on existing
culverts.

Determine the feasibility of enhancing existing, restoring previously
drained or creating nem wetland areas to retain as much water on the
land as possible and reduce the amount of sediment and pollutants
entering waterways.

2 Y A 1-\. b —
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° Apply more cover crops and utilize minimum tillage practices to
reduce erosion, reduce the rate of snowmelt and increase subsurface

moisture.

© Provide incentives to local landowners who are adjacent to tributary -
streams within the study area so that sound land-use practices will
be implemented.

© provide for strict enforcement of local flood-plain management
programs.,

If a levee system is deemed absolutely necessary for Rivertree Park and Harwood,
the following considerations should be given for the protection and enhancement
of fish and wildlife resources:

o The bottom width of the proposed channel should be the same size and
general configuration of the natural channel that it would replace.
This would avoid impeding fish passage during low flows.

Construction activities in the Sheyenne River should be avoided from
mid-March to June 1. This is a 10-week period which coincides with
game and forage fish spawning activities.

Wild1ife ponds and nesting islands designed into the interior
drainage plan for ponding areas would increase wildl{ife habitat
values.

Dense vegetative cover on cropland and/or odd areas in and near the
study area would complement duck and other bird nesting requirements.

The revegetation of levees and ponding area embankments with native
and tame grasses would help prevent erosion and establish wildlife
cover.

Delaying the mowing of established wildlife vegetative cover until
August 1 of each year avoids conflicts with bird nesting.

Any project-caused loss of native woodland should be compensated by
woody plantings at a rate of 2 acres for every acre lost. This would
be consistent with the policy of the NC Game and Fish Department.

% wildlife diversity would be enhanced with the establishment of new
shelterbelts or field belts and the renovation of deteriorating
belts.

% The Fish and Wildlife Service should be involved at the earliest
possible time where there is a need for a Department of the Army
permit for project development.

[ W A SR




We appreciate the early opportunity to comment on fish and wildlife resources in
and near the Rivertree Park and Harwood study areas. We would be pleased to

offer our assistance in developing designs for any of the wildlife enhancement
features previously discussed. If you have any questions or comments, please
contact Al Ludden of my staff at FTS: 783-4485.

Sincerely,

RS

M.S. Zschomler
Field Supervisor-Habitat Resources




[l et i TR I A B AR e S A e e AR A Nl Sad A (D S e S AT e BN B G (. B SN S gl i e N e S

PLATES




=
_ AD-A157 288

UNCLASSIFIED

FHRGD -MOORHEAD URBAN STUDY FLOOD CONTROL APPENDIXCU) 2/2
ORPS OF ENGINEERS ST PAUL MN ST PAUL DISTRICT MAY 85
F/G 1372 NL




-

3,

W A T Ny el e

,._:’:'z’j:‘.‘ l
1.0 i = 2 {)’ :
== k=22 v
_— E 16 =
.. Ml "
. mud .
2
=

iz ]

s g

= L&

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963 A




PLATES




A N\ T
)
! -
S - 1 Y
‘. e " - s e i -y , ~e - © v..m
s B N [/ .r [ _ w : v
RS 2 o e o <0l
uva. . ~ = . p uise 4, Quno) - n !"_mﬂ ,,.l.u_w,n(‘ﬁ 1 ...m O ) % _ DUn
v l. e [ ; 2 /7, J ) .w:?% “ “m.ﬁ. .ﬂl
1 VE-T { . i g
' uom- . . ! 61 1* 1" m.
Crte . ad \ N a - 006 . ~ _. !
- -- £ -ﬂ D 4 ' _m 1
A RY ﬁ \\ .I/ 568 1 = .
TE== N 4 - -
-ﬂ.‘ .-mu“ru_ f ! / ' | l_Zﬂ_‘
.—.r.unuu.ﬂm. \ \ : | ,” | .
- - NS N = h _. e
2 0 ety _ e |
= n _ i F
_ . . W s
/o : \ ' _E mr
m y— \ . se& : o mmw_; "
s ! o 0y I I
§ hed O d \(/ ) 4,_
m ‘w“ . . - . _-vﬁ/ ‘\\l‘l t/‘ * ,ﬁ
w ) !
s .- - . 3 ! o "
Z -- Tt e=s o s v ! :
a e el . “s \ “ _
& L) // e . u - i
> I L1, o esst \ 68 -
2 , D 81| : e
y s N . o 1
- l - ! |
< . R s
c 3 | e
& | 2 PR '
P /, .. .u . .
< 1 I I
Y 765 s oilo s ells '
PN — €8 L
= KRy
766
|
.w ~ oam. €68 m
" 8
m w €68
w
W l
w |
:
|
TW-H\NJ-‘\w ’ ‘W-.i..\..-\.\.t N .--.\ \- OO, ~ M
wr~ . .4 b, "y .4\.#- .nw-\-, .4~Q-u ?ﬁ.—qm.h- nn.\n-\ -M"-.-.-..M» .h-. ....;--n ’ . .~.\.J.<|N.«..q.. -\. -..-
Ld e c Lt L Ehyty ty Y 5, I
- U R T 2 S g
P AT




[ ' b == vy 1
i i [ -MO R * > @ LN
i b O i po B s
l\\ ’ v o - . C .
/ y s \ m ® e
2 A m v o P
‘ g y [ % 2 F -
m ) “-- h -— |H.n 7] © ‘ \-\u
s __" / m o
Nied, _.m /N.W.L .. h..\u
Plavy . ¢ 3/ » o RS
, fosis ! i Py, O ~ ~ s
k=5 = pufoifeia B
i -l‘ .Ir\.rl.l._ _0 i _lo s’ \m . ] - R
peg il 5% -\ i 4,_,“ . e
ol | : =S %
. \ s \ ™

1 \ - ©°
ol foe ot 23 : /./_ 8 > L K
i

(=== NS===\\L 1
vy

,,ﬂ.._ 350y 41eH \ .

! R i
\. wm.:ou\ . ! _I
.s 7 ) 4105
T AN A S N 4 5
L6 ‘ ‘ N\Q\V ’ I
a s 3 "¢
./ 2 = ¥ ¢
o i} N gAY N a
) // R Gse o n: 'a h
i - e XY L=/ = k_ A Y
- -’ = =
: n } . I/ xsoﬂ m i r‘: o A/,,
3 _ umpoD Adsad |
- u /i |I,_ sy _ r Y
- _ d 68 1 ] -
b TesesNtT FAY 268 x»ﬂﬂ H
- H < :
- [ = ” oo
- PR R
z = - e
.’l. “ .--A
z 5. ..
z z o
- . -v s
- Py f\ y
Hi6Z s
ws'E 3 3
HOW: a7
-
J+l , o o 1 :_ A..r
T ! Tl o
‘:Jg S, P ; : Wm :_ o
e : AL )
L way wa) . , . m b=y on
A 68 . L : ! S o Wz
g e e e IV . - <t ! >
. L ' ' N i <4
' & R ——o- 8Ll
- : Bl - -
. ; w <
) 2 - = =
N 3 "o R
. ch w ; pe S
e v w Zmor C S0
ek — nv/, . - .I~
E;m%,zczcu b _ I < A
1 . . z .

S
R




ot
et
P
e Y My
.

YTy

e D)
] l.l . e

.
.
1y

0
.

-y
r,
v

PRt

Lt aiie i o e e ol A0 il Riare

REPRODUCED AT GOV Erswmcivs v - rewst

el -
J 2<t ®

I

Hi

1%

El

4

P

S

o .

L )
\

\i
\\{
*
[ ] i
Trler Park
- ‘..
i
'Park:
=
B
St

Enhtsonl 1qr+
¢+ Fueld i
ite

Coutse
-2
22 %
.I’
'4\
[/ iﬂ i\
o
&
J
7

Goit
Py
c
[+
Q—/
'3

- Ve Q 4
C\\\ N 1 7/ i 3 uL {
9 — -0 \ E
, / i e T H
o M AT ool )
Bt "“? T = ‘\)—%“ Reph A ® s Q /,"' ’ ’

FARGO-MOORHEAD URBAN STUDY
Red River of the North

Cross Section Locations

-y X ]

s
e

o002
‘

A
" _'_‘_A.'.'r - Tar el -'.','_ ‘_‘.'_'.'_. '..-' ..'_ .“.-'7--'_-(, - -’,‘ IR '._ ) DRI .~_“~".—_" C. '.." .
il el il et et o ersane e aanhuie AP VAT PRI IS IND SR NP ) . s

R T R T R N A R TR T N N N A RO R OV IR IR TN TR TR TR R o w—.

T e A

PILICE IR S
PR SR R .

o e T M T e e e e
Lt Lt T e . CIR R ST
Al ala e a

»

el Sl el S sl ol |

‘
SR NG v Tt ]
: PR S . S




deind § 2 TPy
w>n;o_u.2 !

PACIFIC
SCALE
< 1

L

I
2000
A
T
TONTOUR 'NT

A\ R
,_ aApISIany
i W

; w

H ‘W

. A X

i T ozl

-7 WS UBMHGINoS -, .F.rﬂ L ae ¥
T.WYﬂJﬂg!vfﬁlﬂ“ | !

CwICAGO

REPRODUCT D AT v

2 e = ﬁ
a3 W) wof itk , L

s T 3w B

Ba[07) SI3YJEI]L N L SRR

R — = I
=y [

Rl

o, - ’ ¥ n ‘m - o
- 8 i — = endson . i h
, L~ 2= x o o o
\ < isuwerys AT ST s ¢l
. 1 HiS |
boned -

) A et L T ¢ e




= i - - emmms w— TV mA NTIWETRT T WTW T 29 - v iy A .1 A
(O PIODUE i AT GOVR .

T . -
l 3 ™.

,-
E
1,

93
gy -
——

909

K ;- R ‘éﬂ‘
‘. 3§;
1 2] 2% |
|8 I & =
o | = .
| ~ =,
m" —’

°
RSN Ry .- 8 ® e 8 M A e e e e e—

Y
/

Ry
(//
-~
AY

! V4
- i, \
| \
no
iy 3\ )
20 A
- 90—- E &2
[*)
/ z |
L o )
way suapien
[eIowWdly tasung
-, g 5 ; 9
o 8 e,
= - . e e e} - T Ye)
PACIFIC ;l ~
@
|
|
1l
i
* R o— . e
- . g I -
et s
SCALE 124000
N 1 Mg
{ [ Sl - SN N T e Gm T TELE e
LA 2000 IN00 I el £,000 [35) 000 FEET
Ty - RS O Po- i
G 1 KILOMETER
[ S G A S ' !
~ONTOUR ‘NTEWVAL & FFF° :72 /)J
. . «
LA N RTINS VAP O W SN, W PL. L) (N b [ N




v e et WS Ty

™' -t | i
o, '
!
. - i
oo - B
.1._: 10\ ,,,;( .
P
o
W
: i
e . 1
|
)
“ I
- il .
-—
N, = : .
a2 ML - Y z
" J]L (-3
; Vo]

%05 *°
s

31

-
‘\‘,)

‘- - w3y suapieq
: ) |RLIOWa jasun "t
.. w0 R S

. s s

e s 8 3 )

T . o ol41ove |
i
¢ ‘}
. '}
'y <
‘e 3 ' N
_r: - -,-,J S e e - , ‘l
FARGO-MOORHEAD URBAN STUDY
Red River of the North
Cross Section Locations
S ¢ = Plate 3
7
S -.‘.-' .'. -u‘,--'.--"'ﬁ_—»,‘ 0. SIS v W e
e B N

AL A M A S b a2 ol R b o At i . . .
REPRODUCED AT \';Oaiﬁilﬂ r.'KPEm

ST e PN R A WL

o, A AP A e

T eyttt
> -

..

1




)
)
A
Pl
'-‘
.
-
!
&
’
~
-
|

-

: S 30NN NOILI35-5508) M i
. 4332 41 wO1sVLS @ ‘
‘0008 ‘o0 ‘0000 o0st 000t ‘9092 ‘o002 ‘0081 o008 ‘o0 % one PN
— + = am 4 - + * + o °99
1 § L8 w
9 A poof4 Aouanbau4 adcuapadaxy *334-@1 —_——————
3 poot4 Aduanbauj acuapason3 *13d-2 - 4 s
! poor4 Auanba. auapaadn3 ‘3g-]  ———m — — ———
poofJ Auanbasy auapasany *39¢-2' ! -ons
] 1
. ;
; 4o
"
A 1
{coet v
°
1
1
n
o 1o}
;]
]
JRITY
4 - - - = ] -ses
4 — \
1 ) RTYT
p
b
4
1)

THe.

VI0SINNIU ‘GVINNOOM - VIOXVE HINON °02BVJ v MANON IHL 40 NINLY G

-

L 2t e




L pad e e i g el

aArul e

o

b ek - v ik = ™ ol - L Sl

a~a o

C Rl 44 8 0 B4

o

4z

oy

8 ¥3BWN NO11J35-SS0HD
1335 W1 NOLLVLS

‘009" <000y *00s¢ ‘000t ‘0082 111 <gost *o00t ‘008 ‘e
+ + + -~ - + +— + + ‘998
poo[4 Auanbauj auapaaon3 “33¢-g1 —_———— — ——
poor4 Aouanbauy acuapaadx3 °33g-2 —_ e
poot4 Aauanbauy auapasaxy *33g-1 —_—
PooTy Auanbauy auapadaxy *334-279 188
4 “oss
4
1 4 -sae
¥
4 o8
| e — — ] ] -sss
§ oo
- ’\ Y -ses
‘o8

VI0SINNIN ‘GVIHYOOM - VAIONVE MANON ‘O3¥V4 LV NINON INL 340 ¥3nIN Q3Y

W WD REmOE =mE \wwi

Plate 5




£1 43BN NOILITS-SS04) bt
1334 NI NOLLVAS @
‘008 ‘0008 ‘o0ge ‘o000 “oose ‘o00C o 111} ‘o002 o 111 .ooo...u- ~
‘398
poot4 Aouanhauy 3uapaaMm3 *334-91 —_———————
poor4 fauanbau4 auapaaan3 °33d-2 — {4 o
poo{4 Aouanbasj auapaadxn3 *33g-| —_——
poo4 Aduanbauy auapaadxy *334-2°9 |
3
3
. 4 ‘ous u
4 1
]
1 4 sss w
0
1
i
»
1 088 §
1
3
4 "ses
4 -oes

.\|||\ - ..L.uoa

‘ot

VLOSINNIN ‘EVIHNOON - VI0NVA HAYON ‘0%MY3 IV WINON IHL 30 ¥INlY €IV




L] \. -An n_

G2 Y39WMN NOILIIS-550H]
4334 4L NOLLVLS

00005030 NOTLVLS DNIDBVY S50
VIOSINNIW ‘GVINNOON - VAOXVE HINON ‘'OJ¥VI AV MLNON 3IHL 40 ¥3INIW Q3N

o {11 o 1113 o 1113 1] 111 ‘o081 ‘0001 11 0 *008- .oozm-.
Pool Auanbasy a:uapaaany -394-9i —— e e —
pool4 Kouanbauy a:uapasdny *33g-2 -
poory Aouanbasy anapaaay *33g-] —_— e
PoOT4 Aouanbauy amapsadny *334-2'9 ——e

{ -ots

‘908

Wl DErRmOE =~ Wit

Plate 7




wEF,

Aol it Sl B B

bl Ry

A Bat B il

' 3

'~

F—

12 ¥38WN NOI1J35-SS08
4334 N1 NOIivi$

‘000 M I11 o 1113 ‘0092 0002 o 113 *o00t o 11 ‘o *o0s- .ooo_m
+ + ~+— <+ 4 + —t- + — *998
poo(4 Aduanbauy auapaaaxy °334-91 ——— e —— | YT
poof4 Awanbauy auapaadn3 *33d-2 — .
poor4 Auanbauj acuapaaan3 °33g-1 —_—
1 -es
pooy4 AJuanbau4 a3uapasax3 °*334-2°9
O 91 ]
§ cous
3
4
y
1 4 s
{ coes
{ csss
L -
] § -oue
— R 3 ﬁ -ses
‘ote

VIOSINNIN °‘AVINNOON - VIONYQ HL¥ON ‘0O¥v4 LY HLINON 3IHL 40 ¥3nl¥ 43¥

Weld W I =OE =T wuww-

Plate 8

AIEY (S .
A IAA AL -

o
S




LI

-

AR S R A R ‘w-_-r,__r:\-r';:. AR RS Ll -'. ol _--r'_\‘i s B I o AL et S ek (- AT st e on T
RO i A T e NSE
- "
“ ]
a8 Huo . N l
g P/ n !
Ju o (]
® ]
u [
i
[ ]
SPOIL BANK :
1
[
[
[}
8950
e e A oo . . L. _ses,
892 Nt Oak Wood My

vCem

H A

i
|
!
|
i
|

u-ﬁw’wpoo

...‘;%;

Y

P

2

-
-
-
-
»
CJ
7,

3 | N\
ib'sb B
‘; 4
| \ |
| «{' l
‘ 1 !
. pP MY ‘;
;'m“ - 89, )l»89r
!,
L ]
\ |
!.
. f !‘
~ p
PRI 89/
R |
< |
& N !
LEGEND
TUITIYY LEVEE
et CHANNEL RELOCATION
UIIID  EMBANKMENT FILL
gy PONDING AREA
vy ® PUMPING STATION
/ L O ROAD RAMP
- A— ROAD RAISE
,\- E -‘--. DR Tat e Tet L“_"’ ...n‘-- "..‘A ‘4“.-\ --".. .t -
. L e e e T T T e T A e S N e




o U S —
AEREMAS A" OO SR .

1

Plate 21

: s
]
. R
f K
: |
b,

4

_
.

p L
4 ‘.

1 .

R E -G
R R S U e




P ey, g v g ' > v . O ) AASEAR s o b
[N [ S . P IR KA Y PR~ [P s . v LR O S R RTINS DA ot
-..
..
P S 0 R R N
U R e st Tttt Tttt 111 1T 111 |ul~v tt
-4 +4 4 -+ + - —f 14— —
—t 4 —4 -4 - -4 41 - T 4 b — —_ $- -
HHHH s - L1141 — 1. ]

‘
-
M

Plate 20

NW ‘1nvd IS ‘Ioruisia 1avd IS HH R EH T 11

E SYZANIONT 40 S¥0D AWV *s°n  EETH T TH T FEH T = ga
- 1 I HH 8.8
— 6.6T 40 SV SNOILIANOD ONILSIXI ¥Od fu.ww 1 t*r 1 B8 oz anidnn
— YIAIY ATIVH 40 HINOW T I . ] L o
= LV YIAIY INNIAHHS i T
— FA4ND AONANDIUI-NOILIVAITH A Mr * 14 . {88
A g
” W I i O
43 4 414444 44 oww 9°s- ',
—+ 4 11 . H rqhuns 1] L -]
1 A.ﬁ ani ' jRRP gN T ] -
R st SR bas! = 111 fo - M
I O e B 0 R4 T E [T T 171 T T s o )
4 —41 }- wﬁ . A a 111 Qmw “.GQ ....
O s el i w Y WA B 1= v 11T EX
- IL.YM 4 A - N HH 1 QV- ‘.-l-y
O Bon o 1§ B wn s T A ETE S T E{ 1T T 1171 2 o
i o iy o SR8 = Sasfnuns L 1T T Ol Gl A AR (A AW V68 o
PN G OO SND O PRI SRLY IRIR N FHidi44 1 — 1= (7 .....
|4| . - - 14+ 1+ +4+1 IAA + 14 44 r) SR : m.l .4..”-..
- <4 M1 -4 - ...‘AU s 1 “W.. +4-4-- _. N — 868 .”w..”
1 HT 1 -
- B EaEy R o 1 T *I19ATY 2uuakays JO YInoy b sl mm
e il 0 [T middgunud jinnybulad ins MoTag YlaoN 3yl jo I2ATY pay ] .Wu
janusdsfef T NI T pue ‘poomiey aeau gz-1 - .mn
T4 A T I TEE ‘19ATY aTdel Jo Yyinoy L S 206 .\u..
B givwund Bunsida i C I e T HT T 1PaTITIUR D XTpuaddy ur o e
17 T T 1T THH TS PauUTEIU0D S3AIND Buriex Buysn TI1= S
- 1HT — |+ “wu.td,? T it £q paurelqo a21am SUOTIBAITH R uyu
- T T T++—] 906
R T e T aa1m2 s7y3 doTaAdp 03
— B e e e aty TR -t 111 pesn a1em spoylsu ajewrxoaddy :sa3oN tHH4— iy
— ~t 4t 1141 44 +H 44 444444 - — - ()
-+t - -+ -4 11 14 + . S G >
siEgys i ~ HHIH HHHH T *‘. R JERR 0 6580 8 2 s A e ks 18 I e G B s A0 0 A 4“ S

100 0010 20 SO 2 [] o 02 ot or 09 09 oL o8 08 [ 8 66 966 8'66 666 6606 .
INAOWAd NI XONINOA¥J IDONIqIIOXE s

/ . ]



LA

<

5 Nan

o

TR T T, T WY

T . Tw

[

m:w
o¥d-4

1. 84

; R
: WoHH WV3

PI-KS

1

INY

_ m ,u>zﬁu
xttﬂl.TiI. i.bwll .:-w..l .

Plate 19



b

T T e

Pehal i g

o T

LT T AT N ST SN w T

Plate 18




| o il Al Sl W T

i L

" T Tw

LAY "y

™

l"s‘w TeslRers:Loweye ' o
s L

ave

| g wf

s $ % .
r§'”i; ::

)

PAETER
Lt e

ek

12404

¥ South.

[y
-
[}

i

902...

T BOUND:

H EAD

—
-

'Radio Towers

3 MKVOX)

[

Bigh Sch 0

o‘r/y:' O

28

e

2.

-
90

M

33

¥ (N

FARGO-MOORHEAD URBAN STUDY
RED RIVER OF THE NORTH
Topographic Mapping

Sheet Layout
Plate 17

PR
.- .
N A

.

N e A A Tl
R R W Y
IR S - 7 . WG W




L 4 3 Ren S 4 B2~ £ 20 e Y o "ASA TR Wil Tk WL Sl Nl bhal el Sk siate SNt AnE Sl il o RAE S dhafi” Gl ML AL e A S db i A AL IS et MGV T T TN e,

Y
L | IR s
I - T Rrvacsde W ,
| : 328 2 Srees, -, o
v S ;
. Y — xhﬁp al /: AR k:‘., .
T o I 77 \R- )
) " b1 EPeey Godwin-§ N
- \ Park y N b
b .'I B K - NN
- 4 4 *
. r L =g T . “ E i !
l .d _ 2 el ,'-: . ' AR -
- 3 ,se w - 18| y
,.--.n.---f.--...- - : s o Goit
\ H : a = L E b . . Course i /
H . AN 11 g NG PR
\ Nonn':m‘ b A SR e
\ --...____ ‘ -o . N
N ] A e )
L ~ - ' - < N N\ \\
~ - . - = H ..
~ §i X i % ) 5 }. AL
=Pw P Lt nd s ’- e
8 hahiad e = o 9. U, s &
A 1 avflly N 9 7§° I\ /’ %
1 i /’E
[ -y
| ey lon ; NP
AT ) 1 8 NS~ 3
- e £ i NG &N
' 2}
N o » A
/ A [4 A ° g/ itolfl r d & v
. 5— , - " sy QR ]
1] vg tt ,{ = 4 ! X 1
‘ , ™ ( RBREX. / i/ SN
! D , AN e\ 9 o “lu:
187 W . \-/ & h !.4'-
_ ~ \ § T 1)
- - . N 9
- N 2 of : rira e g:‘
- »' < 01 gitiy TJ bt O\ N
\ ’ »
)‘ . 7 [[J 3] \ N =2 % S 2 2 \

- i : - * \ ! o = »
-‘ Sdel I iy ) NN ek IR W 11T
R 4 oscopls s . 2 L) »f iy F 9 N ‘\ s ‘J 3 D

-4 |} [ '.'ll‘ L\ .Jr‘ " '.] ﬁ
. PR i

FARGO-MOORHEAD URBAN STUDY
) Red River of the North
Topographic Mapping
Sheet Layout
Plate 16

- LI SR P e R R I Lo -

- -t ‘.- s - .\-'_-’_-‘-_-’,~'-4- 4\-'-~,' A
- . . P e e T e e . LR

AP AT A TSI PR, TS, P A_l‘n_.s.‘{r e Sl




J // 4’
rg‘ 4 a8 4 )
o / - aitnd
*/* « . X\ td
g >‘|
a : SO /
¥ / f;
~ =
o 13 o3
: i AN

M N i
. i,
{ = dos |IP s R et
___|[BOUNDARY 1 =
-f._‘ l 1 ’—\ .: \ N . “.. ..:1
P f | ‘ / | Y
C | i - : ! e
i '1 i ! fb 4 / ‘ o -
s S A o~
St - "
S I L A;u«:er 0. > : b
e {14 > 03 vy P ; - - ) 3 '_'.
= O v : Nz %
i R o - i i = S
- W/ ~ ! “1'\( -' 1 Te. 3 s
K : § e I ” <
. A iiﬁr’j . : o A |
W ﬁ o G 0
// .
. .// *
-: cKinlgy | '
“ el 2 ‘ b l {
Y- (\
? [-3- X% Sy e o %
; o= -
.- i b, |
* ~r
"
B o
. A
.* -.\
!.u'
FARGO-MOORHEAD URBAN STUDY -
L Red River of the North |
» Topographic Mapping Es
‘:‘ Sheet Lavout Y

i’.

Plate 15

s
Sla”




ntl oa/ AR Y  SolEDRPPRIRIRS Y RFRFAFRVES AL i t\vgm

B . . AL - . - Tev B s PR P RS ﬂ\-

Sy

kY
~|.
(9

; ; = .;..._
: . : , . _ ] -\
”, . q _w...o_ ANVBNDHL M ROMVHOSIg ” . - e o
r §9 05 i Sv oy - of o8 se 02 o e w m ”..m.,_
n _ , T - R A u
1. m ..w 2.4 ..it%ua * S N n zewzmpxm @3 IVYNLVN | n; I 649 e
] : .,. - ieiee R R P v 14 3 URLYM: P ” m ; el
: S .& BT I BT éaﬁfsj_é 43
] [ Y S S O | T i Lo
X : : [ : : j ; . : ! I : Ry
m ” BANND ONILYY : A SRR N B W. i | ]
w ‘uozs.vg..za_?,j? RE R S A o 088, ]
w CVLONVQRLNON'ODUVALY- L i 4
E.Sz!r%zwtxﬁx.. ST T P ]

m N S eE e o : : AL s .o . m ..Mnh
: ,ﬂ | m __ >
3 _ | : = _ 3 5
9 : i i i : ; : v z T
1 | | BN | - I ose 3
r M o i P P 06
. | » o An
3 i I : _ “ : i : : o
: | n S 3 ..
. ] BEE | BRI | 3

M | g i 69 5

: I o P ]

3 w . N N _ m H N “{

p ! : i P A R P ; ,

“ o e I

{ ! L _ IR Lk B | m RN A

P w w _ i Co w|\\\\\%A ﬁw" R C m | WMM . |

i RS RS SR R L N . | o e

¢ I \4 T H P L . P Lo i 1| [sos§

J - — S ! P i i ! i ; :

. T m - Lo | _ A

! A W u m . A

S U,

L -y e

. . P . R - N e R

..... P S .- 2 2 WX R DR s ¢ - Y T v

| o o aine apd st st
,




PR MR ..~ « ST R Y PR “!. P Dl -..Aw .} D e N R WJ\.\. N \.A-...\ Ao & { DA .-,,-...—., - g 4
. . - ORI y s B J [ LA RPN Y PN L RN L]

2S UIBIN NDI135-SS0MD
1334 NI NOLiViS

‘0008 ‘008 000 008t *000C ‘00S2 ‘0082 ‘e0st ‘000t ‘o0 ‘e
o & Y & . & 5 . l..
+ + + + + + +

Plate 13

+

“-*

poof4 Aouanbauy smuapaadn3 *319d-0] @ — — — — — — D . § cons
poor4 Aouanbauj auapaddx3 °33d-2 -
Pool4 Auanba.j 3uapason3 *3¢-1 - 398
Pool4 Aouanbauy aJuapasany *33¢-29

4 °08

1 YT

4 ‘on9

1 "s88

Wl WDRFLwOE ~E Wi

4 “oss

VAOSINNIN ‘GVIHNOON - VAI0NVE HANON ‘00UV4 LV HIWON 3ML 40 ¥3INLIN O3¥

P e s P - - e . L - . - -

D . r e e . « v o . . P - - . PR 3 .« . 1 - »_n_a
.n ‘ et P N ey . 2t et et L% et ]

R . . o4 LI Vidas e % Lt o PR R T Ayt NN [N REY ) q..-... [ A

MRS ORI

e

-~ -

AL

!

LR LA TR

.
.l b, .-
»

-
"o,

Coladns
) "

{41

() M ,

- $_.{ : . ~..,” ,’\‘_

»

(ST

O %

ﬂif{l

—pr
vGS

e

‘-F"u"




ol "ol dhaesd

i oL ol o

T

T

Ty

M S AC i

Ly Y3DUN NDILI3S-SS04D

4334 NI NOlawiS

Plate 12

[} 1] ‘o003 .oou-. .ooo-. ‘008 o ] *008- 000t~ ‘008t~ 0002~ .ooummo.
4 poof4 Aduanbauy auapaadng *334-91 —— o —— — A ‘098
poo[4 Aouanbauj aduapaadn3 °33d-2 -
poorJ Auanbasy aduapaaon3 *34-1 —_——— { oo
Pool4 Auanbauy auapsax3 *334-2°9
% ‘oLe
4
3
L ~9L0 w
7 N
1
‘o8 N
[
|
4
A
4 °s8s 3
1
— - —— — 3
ﬁ o 1]
_ { *sen
_ - e pm—
4 ‘008
‘508
VAOSINNIN ‘OGVIHNOOM - VAI0AVQ HI¥ON ‘05uVJ LY HINON 3ML 340 ¥3Inly G3Y

“et,
0T
.

# ] LA Y ) -
- A E i I S )
c..- AV e H

0 ORI
.

v

...“. .......“. ..“.... '.»..-. A

RO A A

[T Y
'\-"\-_'\\'

-a
%

Y

ol
o

" e

H




ARl Sk Al sl Sl il i SN S A {

Ain Y

d’.k'J'AFV.’":r -

L e ot B

S e astar 2AS b ok a

A PO ' JAAPEMAARL AR h Yy 4 At R ' MEETACR RO S, .i-ardh-(,r‘-c< d SRR, VSO LISl $ I

¥y YIBN NOI1D35-5S0H) =
4334 NI NOTAWiS m
.....v ....n.f .ooow ....-M .S.M ..3.0 .8... .SMF ‘e ., .o..." ..o.mm-. o
poory Awuanbauj auapasany '3ag-91 . — — — _ _ | -
poot4 Auanbauy auapadaxy °*33g4-2 —_
poor4 Aouanbauj aouapaaax3 *3ag-1 - -

poot4 Aouanbauy auapasan3 *334-2°p

4 ‘oL

P ] -ses

4 088

WMWK =mOE =X (W

4 088

4 °ses

VIOSINNIM ‘QVIHNOOM - V10XVA HI¥ON ‘0DdVJ Lv HINON 3HL 40 ¥INIY 43¥




WL TR EERY

T

T T T T T TR T Ty W T T v

TN T O T Y,

TN W T Y

R AR

D
rd

Y W3BWN NO11D35-SSO43
4324 u1 wotivis

‘o0st
<+

oL ‘0083 ‘o002 ‘008t ‘o0t ‘008 ‘e

poor4 Auanbasy aouapaaaxy *334-91
poot4 Aauanbauy auapaaany °334-2
poolj Aauanbauj aduapsaony 3o} 0 —
poot4 Auanbayy AN *3¢-2°9

->

g g A

-

A

VA0SINNIN ‘GVIHUOOM - ¥i0AVA MLNON ‘0DNYY LV MIYON 3HL 40 ¥3IAIY Q3d

oLy

i 11

WAUWICrmOE = Wi

Plate 10

23
r

B

J
L)
o>

. Wy

2om lut:-‘l“$

Ca
.
-

A,

..(

»
.
s

.
N

LS
b Wy Y

* .

At

|

o,

4

[
v
C




coosy
+—

‘080 *e0st
+ N
+

M 1]
—

OE ¥38WN NO1123S-5S0H3

4334 M1 NOlAViS

‘0053 ‘o080 ‘008t
- — +

c00s
+

v

pooty Aouanbauy aduapaaan3 °334-9
poo4 Aouanbauj ajuapaaan3 *33d-2
poory Aouanbauj 3ouapasan3 *33g-|

Pooy4 Auanbasj auapaadxy *33¢-2°9

n g

>-— - *

<

4

+ 'S99

4“8

1 °SL8

1 °sss

VA0SINNIY ‘GVIHYOON - Yi0IYA HLNON °‘OO¥YJI LV NAWON 3IHL 40 ¥3nld QIY

WA WO RImOE =L W

Plate 9




FARGO-MOORHEAD URBAN
FLOOD CONTROL PLi
HARWOOD AND RIVERTREE PARK,

29"

S .

et n ekt e o e .
Tt W, LA ) IR et R .
AR AL A T S S oy

- W AP S L



-'1—")-‘ b Sl Raih Y RIS o TR’ Lol Sl And Ank s Sk Sadl Salit Sl LA
P REGUGED AT BOVCTIOERS £7 .18

30 N

aHY e 492

Mest

e L R T f"‘;-'-""f;"-'q

w

.

it /

W / . . A

y o / B Y AN
] . . . ' )

Te '.-,,7_4

%
‘.‘Fridhem Cem

FARGO-MOORHEAD URBAN STUDY
FLOOD N"ONTROL PLANS - |
HARWOOD AND RIVERTKEE PARK, NORTH DAKOTA

/ Y, Plate 22 |

Rl
- .

. - - e e el e - e Wl e W LY. ._-,-,'.'p'-‘-'.

. L e .. P R R I PRGN SRR AT G A r‘\'i
S e S e e T AN AN N P T . L t
WIS & SO PN S e n e e it RIS I '."4\._1_ L‘.,;JJ._"M;.L-J..ML.-.Q-&“J




:'- AT T WL Y e M T LY R T TN TR TR T N N L T TS o e T T D T TR TN T O TR AT LT LR LT LT e LR L CTR LT T e e Tt T e e e e - s e e -
, . . . £

- - - w—-

DTIC

CLMEI YA/ AR AN TS T4 'M'd"ik‘

O T S
AL SR S S W AR A A L S LS
VL T O WML G o NS U nb WL W A SN PO, O UAE WA W ¥




